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I. INTRODUCTION

The Ballistic Research Laboratory (BRL) of the U.S. Army Armament
Research and Development Command (ARRADCOM) has a wide interest in the
shaped-charge problems, ranging from detailed studies of the flow char-
acteristics of the collapsing liner, to designing praccical devices for
future warhead applications. For these efforts several experimental
and theoretical techniques are employed. Often, it is necessary to
determine parametric relationships in the design application. Since
it is more feasible to utilize theoretical calculations that are eco-
nomically sound for parametric studies, the BRL has several finite-
difference, hydrodynamlc, computer codes that have been applied to
shaped-charge problems.!»2 Although these codes are adaptable to vari-
ous geometrical consideratlons they require operctor experience and a
seasoned analyst to insure proper application. Further, large,
high-spced compute::s, and long calculational times are necessary.
Quite often, it is desirable to have a simplified procedure for
addressing parametric design studies quickly and economlcally The
BRL computer code named BASC (BRL Analytical Shaped Charge)® was formu-
lated from analytic expressions to provide such capabilitv. Although
several advantages occur with the original BASC approach, several areas
of difficulty were experienced, particularly those relating to accurate
calcujation of jet tip or lead pellet behavior and confined charges,
Extensive semieempirical functions, regarcing liner acceleration and

confinement effects, have been included to provide more accurate repre=
sentations. This improved, simplified procedure, hereinafter referred
to as the BASC code also, together with additional refinements are pre-

sented and discussed in this report,

1y, 7. Harrisow and R. R. Karpp, "Terminal Ballistic Applications of
Agdro%gnamzc Computer Code Caleulations,' BRLR 1954, April 1977.

D #A041065)
7. Harrison, "A Comparison Between the Eulerian, Hydrodynamic

Computer Code (BRLSC) and Ezperimental Collapse of a Shaped Charge
Liner," ARBRL-MR-0284!, June 1978 (AD 4053711)

39, Harrison, R. DiPersio, R. Karpp and R. Jameson, "A Simplified
Shaped Charge Computer Code: BASC,'" DEA-AF-F/G-7304 Technical
Meeting: Physics of Explosives, Vol II, April-May 1974, Paper 13
presented at the Naval Ordnance Laboratory, Silver Spring, MD.
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The BASC code is an assembly of various theoretical and empirical
techniques, Central to the procedure utilized in BASC is the
Defourneaux model™ for final plate velocity resulting from the shock
of an adjacent detonating explosive. This assumption is adequate for.
portions of the liner which are initially removed (remote) from the
collapse (jet formation) region or cone axis. In actuality, scveral
shock reverberations are required to achieve a final liner metal velo-
city. Material near to the apex of the cone can enter the collapse
process long before the liner is accelerated fully and, hence, does
not achieve its ultimate velocity. This leads to th2 well known phenn-
mena referred to as '"the inverse velocity gradient' which forms the
massive jet tip. This phenomena has been observed® and calculated
earlier.i»Z,G The author has modified the Defourneaux model to account
for the time-dependent acceleration of the liner resulting in a gradual
build-up to the ultimate collapse velocity. Since liner elements near
the apex region of a cone will not achieve this ultimate velocity, the
first element of the jet will move more slowly than the following clec-
ents of the jet. The faster elements collide and are compressed into
the massive lead pellet. The final jet-tip velocity will become the
' mass-weighted average of these inverse velocity elements, This is the

jet-tip velocity, which will be used in jet penetration theory., BASC
‘ uses a combination of the shaped-charge penetration of DiPersio, Simon
and Merendino (DSM)7 and the piece wise penetration of Defourneaux“.
The DSM model is used to calculate total penetration-standoff curves
and the piecewise penctration model is used to calculate whole profiles.

e A e e A - e
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!

In addition to the inverse velocity gradient, flow into the stagna-
tion region during the collapse process from particles near the apex of
a conical liner may be supersonic and fail to form a jet or form a so-

; called incoherent jet. This is the jet-no-jet criteria. The criteria
! used in BASC is a wmodified version of the supersonic limitations of
Chou, et. al.® The final theoretical technique used in BASC is the

“M. Defourneaux, "Hydrodynamic Theory of Shaped Charges and of Jet
Penetration,'" Memorial DeL'art Ille'rie Francasise-T, 44, 1970.

SR. DiPersio, C. W. Whiteford, and J. Simon, "An Emperimental Method
of Obtaining Collapse Velocities of the Liner Walls uf a Linear
Shaped-Charge Liner," BRL-MR-169€, September 1865.(AD #478326)

®A. Kiwan and H. Wisniewski, "Theory and Computations of Collapse and
det Veloeities of Metallic Shaped Charge Linere," BRLR-1620,
November 1972, (AD #907161)

’R. DiPersio, J. Simon, and A. Merendino, "Pemetration of Shaped-
Charge Jets Into Metallic Targets,' BRLR 1296, September 1965. (AD #476717)

8p. Chou, J. Carleone, R. Karpp, "Criteria for Jet Formation from
Impinging Shells and Plates," J. Appl. Physics, Vol. 47, No. 7,
July 1976,
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Pugh, Eichelberger, and Rostoker (PER) theory of jet formation,?

This report includes a description of analytical equations, the
procedures for their application and a FORTRAN listing of BASC. Ex-
penimental results for selected shaped charge problems are presented in
a comparison to the calculations, The range of useful applications is
discussed as well as the limitations of the approach.

BASC is a "living code" which has provided insights to the jet-
formation process and is a very good tool for parametric design for a

selected class of problems,

A simplified flow chart and the FORTRAN code listing is presented
in Appendices A and B, respectively,

II. GOVERNING EQUATIONS

The initial equation used in the liner acceleration portion of
the BASC code determines the angle of liner bending, ¢, produced by
a detonation wave traveling with a velocity, D, and inclined to the
liner wall at an angle, i (the angle of incidence). This relationship
is illustrated in Figure 1. The author has mcodified the original
platepush relationship of Defourneaux to be :

1 1 (1)
e =~ + KPE ,

$ - LN eB

B = I*A/p ec ’

where p and ¢ are the density and thickness of the liner wall, and
e is the explosive thickness. Added are Pos ©» and A which are,

respectively, density, thickness, and a constant, which is determined
from the exnerimental data for the confinement casing around the
charge!®, The constant, A, when set to zero, represents an unconfined
exploslve charge and the Defourneaux relationship, as illustrated in
Figure 1. ¢o and K are functions of the angle of incidence, i, and

°E. M. Pugh, R. J. Eichelberger and N. Rosioker, "Theory of Jet Forma-
tion by Charges with Lined Conieal Cavities," J. Appl. Physics, Vol.

23, No. 5, May 1352.

g, pipersio, J. Simon, and T.'Martin, "4 Study of Jete From Sealed

Conical Shaped-Charge Liners," BRLMR-1298, August 1960. (AD #246352)
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are determined for certain types of expiosives.}! Pigure 2 illus-

! trates the functional relationship between ¢,, K, and i, K is a
constant over the range of i considered for typic#l shaped-charge de-

signs, i.e. a conical liner contained in a cylinder of explosive,
Figure 3 illustrates the linear relationship, Equation 1, that 1/¢
has with the ratio of liner mass per unit volume to explosive mass per
unit volume, given as

B o e
b 4 ur s
' °u.g.©
- where Pu.C is the density of the explosive. The values of 1/¢o

' and K usad in Equation 1 are the Y-intercept and the ratio of the
o slope of the line to the density of explosive respectively. Equation 1
along with the Taylor formula,

v =ZDsin1 ,
o 2

where D is the explosive detonation rate, will result in collapse :
velocities, Vs obtained by Gurney.!2 Two types of explosive com- ;

l f ' . positions are shown in Figure 3 (datz taken from reference 11) which
[ i represent the linear function at a constant grazing (parallel) inci- 1
dence, i, of the detonation from the normal to the metal surface (see !

Figure 1).

From the theory of Defourneaux, as the detonation wave sweeps :
toward the base of a typical shaped charge, ¢ decreases due to the :
decrease in the explosive thickness, e, shown in Figure 3. This
assumption that ¢ decreased monotonically with a decrease in e is
justified for most of the liner collapse since there is sufficient ;
time for the liner to undergo several shock reverberations and {
achieve a bending angle close to its maximum before entering the flow
of jet fcrmation. However, the region near the apex of the cone

114, DeFourneaux and L. Jacques, "Explosive Deflection of a Liner
as a Diagnostic of Detonation Flowe," Proceedings Fifth Symposiwm
(International) on Detomation, ACR-184 Office of Naval Research~
Depcriment of Navy, pp. 457-466, Pasadena, California, August 18-21,
1974, 1
H
129, W. Gurney, "The Initial Velocity of Fragments from Bombs, Shells,
and Grenades," BRL Report No. 405, Sept. 1943. (AD #ATI36218)
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enters the flow shortly after its initial acceleration and hence does
not achieve its ultimate bending angle. Therefore, for material close
to the liner's apex, ¢ will increase to a maximum. This maximum will
be located near liner elemente that originate frum a position approxi-
mately 40% of the liner height measured from the apex of the cone.
After this point, ¢ will decrerse according to theory. We call this
"the inverse collapse process.' Associated with this process is the
total time that a liner element takes to reach the axis. The equation
for the collapse time is

T = (y sin i)/(D(sin(a+¢)-sina)), (2)

where several new variables are introduced. r is the instantaneous
distance of a liner element from the axis before its collapse. a
is the half angle of the cone of a conical liner or, in the general
case, the instantaneous angle with the axis made by a tangent line
to the liner. 1 will be affected by the inverse collapse process.
Material close to the liner apex enters the flow of jet formation
sooner than would be predicted by the collapse of Defourneaux.* ]

T o T e TR AT ST T e R AR R N W VA K0 05« 7 B
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In order to calculate the inverse collapse process, a new equation
for the bending angle, ¢ and an iterative scheme were added to the
code. The new equation for ¢ is .

4y=¢ev/b (3)
T ;
. d
| where b =C [EEE] , :i
eBJ !

C;» is a constant determined from shape-charge collapse data.l3 The
; iterative scheme, between Equations (2) and (3), continues until
' the criteria of ¢N approaching ¢ within an epsilon is satisfied.

= PPN

b : Having cdetermined ¢ and T, we can proceed with the collapse process.

L

H R

b - : *
EJQ; 13p.E. Alligon and R. Vitalt, "An Application of Jet Formation Theory }
p*/ to the 105-mm Shaped-(harge," BRLR-1165, March 1962. (AD #277458) {
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The velocity of collapse of the liner walls, v o’ toward the 4
charge axis to forn the jet is given by ‘

v,=2D(sin (¢/2))/ fsin i) - (4)

The apparent explosive detonation velocity, with respect to liner
wall is given by

-
C mwrmeim e

Da=D/sin i (5) a

1

. The substitution of Equation 5 into Equation 4 yields )
v_=2Da Sin(¢/2) . (6) |

This is the so-called Taylor formula utilized in the code.

The angle between the collapse direction and the charge axis is
given by

- Y= (0/2) - (@ (/D). )
(-

The liner element first hits the axis at a distance, 55, from the
liner apex, given by

“! EB' = (z sin ¢) / (cos a(sin (a+d) - sina)), (8)

| where z is the axial component of the liner element position hefore
, its collapse.

i While the liner is collapsing, the angle formed by a tangent
‘ to the collapsed portion on the axis and the axis itself (called
the collapse angle) is computed from

. tan (8-a) = Az[sin (a+¢) - sina] tan¢e + rA¢d coso (9)
f @) = azlsin (a+¢) - sina] - rA¢ cosa tans |,

. where Az is the axial increment chosen in the computational
- ' scheme, and A¢ is the incremental change in ¢ between adjacent
e liner elements. The cartesian coordinates of a liner element

(which originates at position z,r) during collapse are given by
the pair of equations:

x (z,t)
. y (z,t)

z + v nit sin (x + (¢/2))
(10)

r - v nat cos (a + (¢/2)),

17
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T

where At is the time interval taken by the detonation wave between
successive liner elements and n is a positive integer. These
equations apply in the time interval given by

0 < nAt < T.

Figure 4 is an illustration of the relationship of the
variables employed in the BASC code of a generalized axisymmetric
collapse of a typical shaped charge. Shown on Figure 5 are drawings
giving a detailed description of the collapse process., Figure 5A
shows the velocity vectors of an eiement at point, P, on the collapsing
liner. The element is projected toward the axis of symmetry with a
collapse velocity, Vs and a bending angie, ¢. When the detonation

wave with velocity, D, has progressed a distance, P!, (i.e. from point
P to point Q) during the time interval, t, then the element initally

at point P will collide with the cone axis, producing the geometrical
relations at the collision or stagnation point, 5p} shown in Figure 5B,
This relationship at the stagnation point is with respect to a coordi-
nate system moving at the stagnation point velocity, v ... The velocity

of the liner wall flowing into the stagnation point is Ve and the angle

between it and the cone axis is the collapse angle, B, Figure 5C shows
a cross-section of the collapsing liner depicting the variables employed.
Applyiny Bernoulli's equations at the stagnation point, we find that

the flow velocity, Ve, Separates into two equal but directionally

opposite veiocities. One is called the jet velocity, vj, and the other
is called the slug velocity, vy* This relationship is shown on Figure
6. Resolving the flow velocity, Ve at the stagnation point in the

laboratory coordinate system (Rigure 6A), the following set of equations
are obtaired:

vj = Ve 4 vgﬁ s (11)
vy = Vgp = Voo (12)

In aceordance with the laws of conservation of mass and momentum,
when the liner material reaches the cone axis after its collapse, it
proceeds either as a fast-moving jet or as the more massive but slower-
moving slug (Figure 6A), The jet velocity equation that results is

A cos(a + (¢/2) - (B/2))/sin(B/2) , 13)
and the equation for the slug velocity is
W = Vo sin(a + (¢/2) - (B/2))/cos(8/2) . (14)

N
The relative distribution of mass (Figure 6B) that results in jet and

18
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slug material are calculated, respectively, by
dm

b = sin?(e/2)

L~

and (15)

;:N-; = cosz(8/2) .

Also, the relative distribution of the kinetic energy for the jet
and slug, respectively, are ‘

dE. 2
El-- cos“(a + (¢/2) - (B/2))

L
(16)

dEy 2
E;= sin“(a + (¢/2) - (B/2)) .

The variables dmL and ﬁBL are the incremental change in the liner's

mass and kinetic energy. respectively.
The impinging flow velocity, v ., ha: been considered by shaped- ;

charge researchers such as Walch, ev, 51.14; Cowan, et, al, 5; and
Chou, et, al.® to be critical in the jet-formation theory. As illus- ;
trated in Figure 7, when Ve is less than the material sound speed, €,

the jet formed is coherent or a good jet (Figure 7A)., Even when'vf

is slightly greater than ¢, this too forms a coherent jet (Figure 7B). ]
But, when Ve is sufficiently greater than ¢, the jet will be incoherent

' or bifurcated, Wc call it a no-jet condition (Figure 7C). From
equations 11 and 12, solving for Ve yields

| .
Vf = .S(Vj - VN) . (17)

We then use the follcwing relationship as the jet limiting criteria
3 for a coherent jet:

g - v /e
M‘R = vf/c < 1.23 . (18)

i "*J.M. Walsh, R.G. Shreffler, and F.J. Willig, "Limiting veloaity Con-
¥ ditions for Jet Formation in High Veloeity Colltisions,” Journal of

it

. Applied Physics, Vol. 24, No. 3, pp. 349-359, March 1957.

N 15G.R. Cowan and A.H. Holtaman, "Flow Configurations in Colliding
_ Plates: Explosive Bonding," Journal of Applied Physiecs, Vol. 34,
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Figure 7. Illustration of the variables employed in the BASC code
to limat jet formation, The jet limiting criteria for
a coherent jet (A and B) is MR = vf/c < 1,23.

Tt - e

23

i e dnk e e i Sy

SN, 2

D SR AR e S N O Sy LS e M T T VRTINS LTI T
G SN MY A o ST WP U R SR P A VT Y A AT I g L S TG -'_'2-41! ol 2l “‘.:.u...' RIS EP

T A WS S Y T T O T L TR I T




BT N e e g o
T e ST TR T R T it
- S -
v

The threshold factor for a coherent jet, M§-1.23, is determinad by
comparing redlographic, jet-particle data Measured!® from experi-
ments!7 with BASC results. The threshold factor holds for several
materials considered in BASC calculations.

In order to determine the jet-tip velocity and the mass of the
lead pellet to be used in the shaped-charge penetration theory, the
inverse velocity gradient has to be equilibrated and the jet mass in
this region to be compresser into a single zonal element, LP. This

zone will then contain the so-called steady-state, lead pellet. The
equilibrated jet-tip velocity, Vio is obtained by the following b
process:
ai+l ' i
. m . . dm- . c !
i+l i+l i i :
."j Iaij'* dm s [?ﬁﬁl] dn, |
v i+l L L . |
J i+ 1 ,
dm. . dm, . !
j i+l 1
|'dmL dm, ¥ [%E%] dmy,
[ T :

i+l i . th
for \E >y and 1 < i < LP, where i is the i™" zonal element, The

equilibrated jet-tip velocity is .

LP
v =V, 18
jo 3 (18) j
The steady-state, lead pellet mass is
LP[gm 11 j
. 1 . .
any, Za‘i ant (19) |
iel :

' In the theory of shaped-charge jet penetration into a target
used in BASC, an important parameter is the time that a given liner
element, which enters into the jet, arrives at the bottom of the
target hole when penetra“ion is in progress. Time is usually started
from the moment the detonction wave reaches the apex of the liner.

A time parameter, 8, is defined by

s SR R P L S S

e ———————e =+

i K A=t +1 (20)

{”ﬁ 16 Private Communication from J. Blische at BRL. 5
- 173. DiPersio, W.H. Jones, A.B. Merendino, and J. Simon, "Character- i
t:f igtics of Jets from Small Caliber Shaped Charges with Copper ] i
1 o and Aluminum Liners," BRIMR No. 1866, September 1967, (AD #823839) |
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where t_ is the time at which the detonation wave reaches the liner

element” at an initial axial distance, z, from the apex and T is the
time taken by this element to collapse onto the charge axis. The
sum of standoff distance from the liner base to the initial surface
of the target, h, and the liner height, H, defines Zb:

ZO = h+H. (21)

The time for the tip of the jet to reach the target surface is

H e d

‘ T, = "o/"jo (22)

! It is assumed that the jet tip originates from the zonal element, LP,
and contains the highest velocity of the jet, v;,, An element from
the liner between LP and base results in a jet velccity, v., which is

P less than v. and is a function of its initial axial distaﬂce, z, A

parameter, ﬂois defined by

et

= v, /v, 23

! Jo/J (23)

The time for the portion of jet formed from a given element of the 3
liner to reach the bottom of the target hole is

| Te a0 waso §uken)) (24) ]

where (Af)i = f, - f and denntes the ith zonal element. 1In

i i-1

this equation, k = /3;73;, whare p, is the jet density (assumed
equal to the liner density), and Pe is the target density. f is a

- time parameter given by

. €= ((8/w) - (37vy)) (25)

.o where sp was previously defined by Bquation 8, and v, , 6, and u
) were defined by Equations 18, 20, and 23. The valued8f u to be
o used outside the hracket in Equation 24 is that which applies to
LRI the original elemental liner position. Af is the difference in f
values between adjacent elemental positions, and the summation
applies to all adjacent elemental positions up to the point in
question on the liner.

While the jet is still continuous in nature, it stretches due
to its velocity gradient and, therefore, decreases in diameter with
increase in time. The equation for calculating the jet radius, rj,
is

e
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' p 2oy 2reD sin’ (8/2) (26)

: j L A 3
¢ z
t

T In this equation, r is the initial radial position of the liner
| element from the charge axis, ¢ is the liner thickness at this
3 position, and 8 is the collapse angle that is formed when this

element reaches the charge axis. The factor,%%—ﬁ , is given by
2T

i .

' AZ | «( av, A(z-r cot(B/2)) (27) i

_ T-t)) " j ~v, + : :

Atz T 2’ j at, ) ‘ 7

[

In this equation, t_ is defined following Equation 20 and At is
the incremental timé interval between arrival of the detonation
. wave between successive liner elements (a constant). The value
, cowputed by Equation 27 is a function. of tiwe, T, which starts J
at zero when the detonation wave first reaches the liner apex. It 1
is a negative value which increases in absolute value as T increases. ‘
. Therefore, it can be seen from Equation 26 that the jet radius, which ;
, originates from material at any point on the liner, decreases with an {
ingrease in T. The minus sign in Equation 26 is necessary to make

rj a positive quantity.

When the jet cannot sustain any further stretching, it breaks

up into individual axial particles. It is assumed that this occurs
! throughout the whole jet at the same time. The breakup time for

the jet is designated as T, and, at present, must be obtained from
experimental observations.” At times greater than the jet breakup
time, the individual jet particles do not stretch in length or
decrease in diameter. The constant jet particle radius that one
obtains for material originating from a given element of the liner

is calculated by Equation 26 in which the factor %%"17 is calculated
z

- T ien i gz .
A i AN ity 3 ki

in Bquation 27. However, radii of different

at the breakup time, T
t due to the variability of the initial liner

2 particles are differen
. element position in Bquations 26 and 27.

¢

P The equations that are used for jet penetration theory are
L dependent upon the stundoff distance between the charge and the |
F ' target. If the target is placed close enough to the charge so ‘
that the jet tip reaches the target before the time of jet breakup,
one set of equations are used. On the other hand, if the jet
particulates before reaching the target surface, a different sot
of equations must be used. In the former case, even though the jet

26
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starts penetrating in the continuous state, it becomes discontinuous
before the end of penetration and different equations are required
after time T,. The variables and the two states of penetration are
illustrated in Figure 8.

fm e e

The jet penetrates the target in both the continuous and discon-
tinuous state whenever the following criteria is satisfied:

Z <v, T . (28)

RSP U SN

. The depth of penetration into the target, p, for any T, such that
i . To 2T 2T
T . (k/(k+1)) 1]

P =2, [(ﬁrﬂ (29)
0

SR

e i

wherc all factors have been previously defined. For times greater
than T, the equation used is ‘

, (k/(k+1)) %0
p = ZO [(k+1) Tkt - 1] ) (30
’ To. 171
. The total penetration depth into the target i% calculated by
| ey T
' . k+1 k+1 min K+T, kel
(k+1)(v T ) k(k+1)U T (vJo 1) 0 -Z0 . (31)

‘ o
min
The only hitherto undefined term in Equation 31 is the factor U -
This is called the minimum penetration velocity. According to
theory, the velocity of penetratxon into the target monotonlcally
decreases with increase in penetration depth until it reaches the

. value U™™.  when Umln is reached, penetration stops and all
remaining jet matcrial just piles up at the bottom of the targe
. . y
‘ hole. U™™ is an empirical constant whose value depends upon the\\
' target material and its hardness. It is invariant with standoff
W distance. With a given charge, target, and standoff distance, the
L computer calculates the constant total penetration depth from
Equation 31. This value is used by the computer as a signal to
stop calculating p in Equation 30 and also to determine the time
- at the end of the penetration process. The radius of the hole in
i the target before the time of jet breakup is given by

=
e eeite
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Figure 8. Schematic cross section of a shaped-charged jet
penetrating a target in two states:

(a) Continuous and discontinuous,

(b) Discontinuous.
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This equation contains one last empirical constant of the target,
€- This 1s the jet kinetic energy needed to produce a unit of hole

volume in the target. Its value depends upon the target used and
its hardness. The value of r, in Equation 32 is obtained by Equations
26 and 27. After the breakuthime, Tl’ the hole radius is obtained by

°j 1 Zy f%f Z,*P
o= /W g [ =2 o
c c k - ] v, r,
k YjoT1 Violy” 30 5 (33)
where rj is now obtained by Equations 26 and 27 with the restriction
that the factor %%—]T must be evaluated at T = Tl' The hole profile,
z

as computed by Equation 33, is terminated when the penetration depth,
p, reaches the value PT as calculated by Equation 31,

The last set of penetration equations is used when the standoff

distance between charge and target is so large that the following
condition is satisfied:

Zo > vjo T1 . (34)
In this case, all penetration is accomplished by the jet while it

is particulated in nature. The equation for penetration depth is
then

P = vy (T-T)) Ty / (T) + (1/K)) (35)

where the time factor, T,*varies between the time of first target
impact, To, and the time of last jet penetration, Tp. The total

penetration depth is given by

_ _ min
Pps [y T, /u 1, Oy Ty (/0K (36)
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The radius of the hole produced in the target as a function of its
depth is given by

T_ = vjo rj (1-(p/k vjo Tl)) vV pj7§E cx 37

c

_where the jet radius, rj, is obtained by Equations 26 and 27 with

the restriction that the factor AZ is evaluated at T = Tl'

| Atz T
The variation of total penetration depth with standoff distance
is computed by means of Equations 31 and 36. The factor Z° is the

only variable in these equations. Equation 31 is used first until
Zy increases to the value vja Tl’ then Equation 36 is used.

I1I. CALCULATIONAL SCHEME

The BASC code enables one to perform parametric studies for
designing warheads. The variables employed in the code of the
generalized, axisymmetric collapse of a shaped charge were illustrated
previously in Figure 4. The parameters which can vary include the

following:

a (ALPHA) The half angle of the liner (degrees)

K (CON) The empirical constant for the detonation
products. Value known for Composition B
explosive.

€ (EPS) The thickness of the liner (cm)

P (RHOJ) The density of the liner (gm/cm3)

Pe (RHOC) The density of the targe: (gm/cm3)

Tg (RF) Radius of the base of iarge (cm).

H (H) Height of the liner (... (f H is zero,

r
\ __F.
H will be calculated by H = {ana
30
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] D (D) Detonation velocity (em/us)
i SO (s Standoff distance between base of liner
{ and target, (cm)
Cy (CK) Constant for determining hole volume
T1 (T1) Jet breakup time (us)
(UMIN) Velocity cutoff for the penetration of jet

into a target (cm/us)

L (DPOINT) Initially the total length of the charge
(cm) . but is converted to be the initiation
point of the explosive (i.e. DPOINT = L-H).

RDPT (RDPT) Radius above axis where explosive is
initiated (em).

Sz
—
-4

JOHN (JOHNI) If JOHNI greater than zero, ¢ will vary;
if not, ¢° will be a calculat@d constant.

o N (N) The number of zones into which the grid
is subdivided. If N is zero, default is
seventy zones.

e The code will set up the grid based upon Figur=> # and the
i equation for incrament in Z is i

i DZ = H/N (38)
and from this the time increment is

DTZ = DZ/D . ' (39)

Therefore, at each increment in Z we have also the corresponding
time increment.

i
. The code then marches sequentually through the governing equa- ;
- tions (1-19), calculating and storing jet formation information to }
be printed and plotted at the end of the iteration. Those vari- :
ables include: ;- a
i I ith zone {
{
a ALPHA(T) Tangent angle of liner wall to the axis .
(degrees) K
z Z(N) z distance from apex to base of liner 1
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fj ' ﬂL_m_w,; L o A ) S
!
|
i th

!

tz TZ(1) Time at the i~ zone
; ' Y GAMMA(I) Angle (degrees)
{
E E(I) Thickness of explnsive above ith zone
¢ PHI(I) Angle (degrees)
8 BETA(I) Angle (degrees)
Ad DPHI(I) Increment of angle ¢
é % RPHI (1) Reciprocal of angle ¢
! Vo V(1) Collapse velocity (em/us)
]
- J( r R(I) Radius of the ih zone (cm)
i T TAU(I) Time to collapse ith zone (us)
-1 Sp c(D Distance from the apex of the liner where
ith zone will hit the axis (cm)
T vj vJ(I) Velocity of the jet in (cm/us)
|
! vy VN(I) Velocity of the slug in (em/us)
| ;Ti DMJ (1) Relative mass of the jet, dimensionless
' mi,
|
dmy
\ Eﬁi DMN(T) Relative mass of the slug, dimensionless
_ ffi. DEJ(I) Relative energy of the jet, dimensionless U
) dEp, : L
' 3
TR
; iEE_ DEN(1) Relative energy of the slug, dimensionless J
i dEy,
I, a
',»e ¥
; ! Ve RV(I) Relative velocity between the jet and slug g
" .
s ‘
5‘5 ':;
o
1
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In the penetration portion of BASC, the constants listed below
must be calculated:

VJO = jet tip velocity from Equuation 18

|
1 (40)
\
i 20 = H + SO (41)
& _ 20 (42)
i - T0 = V30 |
‘ AKAY 'in . (43)
l \ pC
1 PT = Total penetration (cm) from Equation

. 31 or 36 (44)

The next set of outputs are for the penetration of the jet
into thc target., The code also marches through the governing

|

{

i

* : Equations 20-37, calculating and storing penetration information
‘1 to be printed and plotted at the end of the iteration.

The vari-
ables calculated and stored are listed below:
. .th
1 I 1 zone
! p AMU(T) Relative velocity between the jet %Ep
velocity and jet velocity of the i zone
‘ i 0 THETA(I)  Time parameter in microseconds
i f F(I) Time parameter in microseconds
’ Af DF(1) Time increment of f in microseconds.
. T T(I) Time that the ith element reaches the bottom
Co of the target hole in microseconds.
At DT(1) Time increment of T
no v RSQ(I) is Jrjz which is the radius of the it"
% ; eclement of the jet.
ﬂ A A A(I) is equal to z - r cot R/2.
SR
o ' AA DELA(I) is the increment of A(I).
{;;g Avj Dva (1) is the increment of jet velocity.
b \J} 3
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%% DZODT(I) Equation 27 in governing equations
z \
T RC(I) Radius of the hole in target of the ith zone
P p(I) Depth of penetration in centimeters :
)

After these purameters have been printed and plotted, the code then
returns to start and begins another case, This is continued until
the end of file (i.e. next problem) is encountered causing the

|
! TUn to terminate.
{

i

{

;

% | ¢ in centimeters
|

J

IV. COMPARISON OF BASC CODE RESULTS

The performance of the BASC code is best illustrated by pre-
senting results of a calculation and comparing these results, where
possible, with experimental data or with results from o ier numeri-
cal techniques. The first set of comparisons will be with experi-

o mental results from the following:

105-mm, unconfined, 4°°, copyer-lined shaped charge
o with a Comgosition B explosive fill tested by Allison
‘ and Vitalil?d

f b, A study of jets from scaled, 42°, copper-lined, conical
shaped charges filled w;th Composition B explosive (test

by DiPersie, et. al.l!0),

3. 3 -inch, BRL precision, shaped charge with a copper liner
42" apex angle, and Composition B explosive fill, having its
- jet characteristics measured!® from radiographic data ﬁ

recorded at the BRL.

a4,

C,

r——— e

' d, A study of jet characteristics from small-caliber shaped
" charges with copper and a&uminum liners and variation in
apex angle from 20° to 90 All charges were filled with
Composition B exploexvo. The tests conducted at the BRL

i

by DiPersio, et. all? ;
‘;

i

The second set of comparisons will be another numerical technique.
The other technique is the two-dimensional, hydrodynamic computer
program based upon the Eulerian numerical scheme :alled the BRLSC
(Ballistic Research Laboratory Shaped Charge) code.’® The BRLSC

18M, I, Gittings, "BRLSC: An Advanced Fulerian Code for Predzﬂtzng
Shaped Charges," VYol. I, BRL CR 279, Prepared by System, Science
and Software, December 1375, (AD #A023962)
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code is a modified version of the HELP (Hydrodynamic Elastic-Plastic)
code!? developed by System, Science and Software. -

Figure 9 and 10 are experimental comparisons for the 105-mm,
unconfined, shaped charge. Collapse velocity, Vor and jet velocity,
V. as a function of the relative distance from the apex of the coue
age shown on Figure 9. The dashed line is the jet velocity after jet
compression and illustrates exact agreement with both the jet tip velo-
city and position on the axis between BASC and experiment. This illus-
trates that jet tip is compressed into one element at a position which
is approximately 40% of the distancé from the apex of the cone, The
collapse velocity is slightly higher than that calculated by Allison
and Vitali, but the overall agreement is good. Figure 10 shows a
comparison of the predictions of jet mass versus cone mass between
the BASC code and Allison and Vitali. Those two predictions are in
slight disagreement with one another because Allison and Vitali were
unable to recover 100% of all the slug material. They used essentially
the same theory as the BASC code to predict jet mass, and all of the
material is required to accurately predict the true conservation laws.

Figure 11 is the second experimental comparison of the scaled,
shaped charge with a heavy confinement casing. This figure shows
collapsc velocity, v_, and jet velocity, v,, as a function of the
relative distance from the apex of the ccné. The dashed line is the
compressed jet velocity distribution, This again illustrates exact
agrecement for both jet tip velocity and its positior on the axis
between BASC and exreriment. The open squares at approximately the
48% position fr~~ che apex of the cone shows the spread in the experi-
mental data from the experimental scaled rounds. The BASC code results
arc identical for the same scaled rounds (sce Reference 10). Shown
at the base of the cone, for values greater than 80% of the distance
from the apex of the cone, is a change in the slope of the jet velo-
city curve, 'This is due to pas leakage or breaking of the confinement
casing. ‘This phenomenon is modeled in BASC as a gradual change in the
confinement factor, A in Bquation 1, until it reaches zcro, i.e.
unconfined. This comparison shows very good agreement with the experi-
mental results.

Table I is a tabulation of a comparison between measured,
radiographic experimental data and BASC code results from the 3.2-
inch, BRL, precision shaped charge. The jet tip velocity and mass
at jet particle number one are in agreement, but the accumulated
total jet mass from jct particle number one to jet particle number

9 J, Hageman and J.M. Walsh, "HELP, A Multi-Material Fulerian
Program For Compressible Fluid and Elastic-Plastic Flows in Two
Spacc Dimensions oud Time," BRL CR 39, Prepared by System, Science
and Software, May 1971, (AD Nos. 726459 and 726460)
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Figure 9. Comparison between experimental and BASC Code results
of jet and collapse velocities from the 105-mm, uncon-

fined, shaped chavge.
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Figure 11. Comparison bctween BASC code and experimental results

for scaled, heavily-confined, shaped charges (Reference
10). Jet and collapse velocities vs ¥ of the distance

’ from the apex of the cones are shown. Solid lines are 1
BASC code results. The dashed line is the final, computed, ‘
compressed jet velocity profile. The jet tip for both /
experimental and BASC results is shown compressed into f
a position 48% from the apex of the cone.
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forty-three is 10 grams heavier in the BASC code results. Also, the
code results show 46% more total accumulated kinetic energy from the
' first forty-three jet particles than that obtained from experiment,
Overall, this comparison is reasonable considering the material locs
from such physical effects as erosion and possible errors in the data
reduction measurements and calculations of the experimental results.

. e e AL - e

Table I, BASC Calcula}éons and Measured, Experimental Radio- ‘:

graphic Data”  of Jet Velocity, Mass, and Kinetic 7

Energy for the 3.2-in, (81,3-mm), BRL, Precision, k

‘ Shaped Charge b
' Jet Velocity (km/s) Accumulated Mass (g) Kinetic Energy (kJ) ;

) Particle No. Measured BASC Measured BASC Measured  BASC %
1 7.74  7.74 3.7 4.3 110, 128, ]
43 2.90 2.98 22,6 32.6 348. 507. 3

‘ The last experimental comparison will be the characteristics of
jets from small caliber shaped charges with copper and aluminum liners.
In this study, only the liner designs referred to as l#-inch (38.1-mm)

. liner base diameter chargeg in gefergnce 17 gill be considered. The

‘ apex angle will include 207, 40, 60 and 90 cones for both the cop-

' per and aluminum liners. These are all confined with a steel casing
around the charge. The pertinent dimensions for the shaped-charye
designs considered can be found in Reference 17 on pages 9 and 10. The
results from the BASC code calculations and the experiments are sum-
marized on Table II. All of the results of the BASg code are within
a 5% error boundary except the liner type with a 90 apex angle and
aluminum cone which is 10%. The results of the calculations are slightly
higher than the experiments for all of the aluminum liner types.
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Table IT. Summary of Results From the Small-Caliber, Shaped-
; Charge Study for the 38.1-mm (1%-in.), Base Diameter

[ F U -

y . Design
- Jet Tip.
Velocity, Vjo (km/s) :
Liner Type Experiment Predicted (BASC) |
20° apex angle, Cu Cone 9.9 9.80 ;
40° apex angle, Cu Cone 8.2 8.00 ﬁ
60° apex angle, Cu Cone 6.7 6.64 i
: 90° apex angle, Cu Core 5.5 5.48 E
' s
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Liner Type Experiment Predicted (BASC)
20° apex angle, Al Cone 11.2 11.80
40°'apex angle, Al Cone 9.3 9.75
60° apex angle, Al Cone 8.1 8.54
90° apex angle, Al Cone 6.8 7.50

The final two sets of comparisons involve the two numerical tech-
niques: BASC and BRLSC. First, Figure 12, is a comparison of the
calculated flow field for the 105-mm, unconfined shaped charge reported?
for the BRLSC code and the BASC code at 25 usec after initiation of the
explosive. The radius of the jet and slug are in excellant agreement,
but the tip of the jet is slightly behind in the BASC calculation.

This is due to the fact that the BASC code takes very large time steps
which will not allow the inverse velocity gradient to be equilibrated
at this snap shot in time. The second set of comparisons between BASC
and BRLSC codes is shown on Table III. The results shown are from an
improved version of the BRLSC Code.20 Table IIT is a tabulation of
six calculated results from BASC and BRLSC as well as four experimental
results, which can be used as a guide in this comparison. All of the
calculations and experiments in this study involved identical copper
liners (21°, 81,3-mm base diameter, 1.9-mm thicknees). Calculations

1 through 4 employed TNT, Comp B, Octol and PBX, respectively as ex-
plosive filler,

Table I1I. Computational Matrix and Summary of Results

Calculation
Number HE Confinement Total Jet Mass (g) Jet Kinetic Energy (kJ)

Fill BRLSC BASC ~ BRLSC BASC
1 TNT Light 15.66 28.42 196, 385,
2 Comp B Light 22.56  30.73 287, 507,
3 Octol Light 27.40 32,03 349, 570,
4 PBX Light 27.97 33.49 381, 614,
5 Comp B Heavy 33.63 60.41 475, 1262,
6 Octol Heavy 35.17 60,16 360, 1406,

20p. 7. Sedgwick, L.J. Walsh and M.S, Chawla, "Effects of High Bxplosive
Parameters and Degree of Confinement on Jets from Lined Shaped
Charges," BRL CR 245, Prepared by System, Science and Software,
July 1975. (AD #B0O06987L)
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Calculation Predicted Final Measured
Number Jet Tip Velocity (km/s) Jet Tip Velocity (km/s)
- BRLSC BASC
1 5.95 6.79 6.8
2 7.15 7.74 “7.7
3 7.40 8.17 8.1
4 7.80 8.44 8.3
5 7.44 8.86 PR
6 7.78 9.36 ——-

In these four calculations, the charge was confined in an
aluminum casing (treated as being unconfined in the BASC code).
Calculations 5 and 6 employed Comp B and Octol as explosive fills
which were confined in a steel casini with a thickness of 10mm.

The calculational matrix is shown in Table III with the degree of
confinement provided by the aluminum and steel casing is referred

to as light and heavy, respectively. The summary of the results

of both codes (BASC and BRLSC) as well as the results of the jet

tip velocities measured from experiments?! are also shown in Tuble
I11T. The quantities summarized represent the total jet which is
composed of jet material having a velocity greater than or equal to
a velocity of 2.8 km/s. The results indicate the ratio of predicted
total jet mass of BRLSC code to the BASC code is approximately 65%
for all calculations.

The comparison of jet tip velocity data is illustrated on
Figure 13. The theoretically predicted values for calculations 1
through 4 from both the BASC and BRLSC codes arc compared with the
experimental determined jet tip velocity data. Figure 13 is a
plot of calculated jet velocites versus the measured jet tip velo-
cities, The open triangles are the final jet tip velocities as
predicted by the BRLSC code?? and the open squares are those predicted
by the BASC code. There is very good agreement between the BASC code
and the observed results for those rounds considered and the BRLSC
code's agreement is less than 10% except for TNT which is 12.5%.

In summary, wz have demonstrated in these comparisons the predic-
tive ability of the BASC code. In addition, several of its salient
features has been shown., These features include the predictive char-
acteristics of BASC with respect to variations in casing confinement,
variations in cone apex angle, variations in liner density and thick-
ness, variations in explosive fill, and the effects of scaling. We
have, also, demonstrated its predictive ability with respect to other
sophisticated numerical schemes.

’ly. Simon, "The Effect of Explosive Detonation Characteristics on
Shaped-Charge Pzvformance, " BRLMR-2414, August 1979. (AD #B00G337L)
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Figure 12. Comparison of calculations of the flow ficld between
BASC code ard a 2-D, Hydrodynamic Code (BRLSC) 1
(Reference 2). These calculations are of the 105-mm,
unconfined, shaped-charge shown at the time approxi-
mately 25us after the initiation of the explosive. .o
The BRLSC Code results are to the left of the axis
of symmetry and the BASC code results are to the
right, ’ ;
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1 Based upon these comp-risons, it is concluded that, for many ~oni-
'* cal shaped-charge designs, the BASC code is a useful, predictive’

‘ : model for jet characteristics. Sincze.it requires only fractions of a

1 minute tc do several shaped-charge design calculations on most computing

_ systems (large or small), this calculational scheme is an economical
\ approach for warhead design and analysiz.

S

|

|

|

V. LIMITATIONS OF BASC

The current version of BASC requires several empirically deter-
mined constants. The collapse model requires the determination of ¢
and k; their relationship to the angle of incidence, i, the constant
A for a confined casing; and finally, Cl, a constant calibrated to the
105-mm, unconfined, shaped charge for the time of collapse near the

! apex of the cone. Penetration requires a cutoff velocity, Umin, and a
j breakup time, T,
y Breakup time, as used in the theory of DiPersio, et. al.”, is a
» quantity determined from a radiograph of the jet. It is treated as
a constant, but only approximates that value for conical liners with
" uniform wall thicknesses. Work by Simon2! shows that breakup time for
| a given geometry remains a constant over changes in the Chapman-Jouguet
. pressure of 186-380 kbars. The codes, as used, requires a predeter-
' mined value for T, for a given shaped-charge geometry. The value of

| T, scales with coifie diameter. All of these limitations stem from the
| empirical nature of the equations of the code.
|

Geometrical considerations for conical collapse may or may not be
P a limitation to the BASC code. Research will have to be conducted in
Lo order to determine this fact. Since the initial cone half-angle varies
l ; as 4 function of distance along the axis, z, and since each zonal ele-

ment has no interaction with other elements, all geometrical considera-
tions should be solvable.

' Current limitations will be corrected by future changes to the
A code. These changes are explained in the next section.

o VI. FUTURE MODIFICATIONS

There are several tasks intended to improve BASC. The major areas
of research are the following: (1) modeling the jet formation for

|
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several different materials and geometrical consideration, (2) mod:ling
the viscous effects, as suggested by Walters,2? in a nature compatihle
with BASC, (3) modeling the.breakup of the jet with reference to =
maximum strain to break, (4) modeling the threshold for a jet-no-jet
criteria for many more materials,

PR

As explained earlier, elements in the apex region of a conical
liner reach the jet formation region befores these elements are accel-
erated to their maximum attainable velocity. To account for this
. characteristic of conical, liner apex flow, which is so important in

determining exact jet-tip velocities, transient acceleration is being

modeled by an empirical constant dotermined from normalized, copper

liner datal3, This constant accounts for the number of shock rever-
. berations thet occur in the copper liner before it enters the flow
of jet formation. We can improve upon this constant by obtaining
experimental collapse data for a number of different materials,

e ———

5

Research conducted by Simon indicates that the breakup of the
shaped-charge jet may be related to a maximum strain, which is a
function of strain rate, These observations werc made for copper
liners with many different explosive fillers ranging from TNT (C-J
. pressurc 186 kbars) to a high HMX explosive (C-J pressurc 380 kbars),

' but with only one charge and liner geometry. Work is continuing by
Chou, el. al.,23:2% to define the critical condition for | .eakup models
. based on these results and will be added to the code where piecewise \
l‘,. strains and strain rates will be calculated. We will continue to :
f calculate penetration velocity, U, and will terminate penetration
i according to a minimum value of U as demonstrated by DiPersio, el. al.; |
! but we will explore the use of Vimin 48 the penetration cut-off criteria.
- Finite-difference codes may be appiled either directly or in a simpli- i
_ fied form to generate a library of parameters by computational experi-
i ments. This will assist in the rescarch of some of these critical
parameters utilized in the BASC code.

T S e

i As certain clements of the shaped-charge collapse prohlem are

accurately modelled, that section of the BASC code will be modified.
The code is considered a "living" code, constantly being updated but
applied wit™in its limitations at all stages of its development. R

22y, Walters, "Influence of Material Vigeosity on the Theory of A
Shaped-Charge Penetration,' ARBRL-MR- 02011, August 1979. (AD #B041485L)

23p,¢. Chou and J. Carleone, "Caleulations of Shaped-Charge det ‘
. Strain, Radius and Breakup Time,'" BRLCR-246, July 1976. (AD #B007240L) ;

-
2%, Carleone, P.C. Chou, and R. Ciccarelli, "Shaped-Charge Jet
Stability and Penetration Calculations," BRLCR-351, September
1977, (AD #A050117)
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K VII. SUMMARY

BASC is a simple, well-documented, shaped-charge code that may
be applied to many problems to predict trends and gross effects.
Difficulties in predicting the jet-tip characteristics still exist
for some materials, but future modifications should correct this
. deficiency. The code is so structured that it can jrow and become
" more widely applicable as modeling improvements are available.
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1 . .
t

PROGRAY RASCIINPUTIOUTPUT+TAPES=RINPUT ¢ TAPESROUTRPUT)

4 BRL ANALYTICAL SHAPED ChAWGE (MASC) CODE VAN

c MAIN

c FAIN

c PROGRAMMED BY JOKN T, HARR]SON MAIN

o AN

d mAIN

{ c BRL ANALYTICAL SHAPED CHARGE CODE MAIN

¢ MAIN

€ WRITTEN IN STANCARD FORTRAN IV MATA

o SEMI=EMPIRICAL CODE BASED OM THF FORMULA=- MATIN

c ' FRIMN

;i c 1/PHIR1/PHIO*K*RHOURERS/E MEIN

| < MAIN

i c MATN

| (4 UNITS FOR THIS CODE ARE CENTAMETERS)GHAMS+AND MICPUSECENDS, MAIN

i c MATN

i 4 THE CONE WILL CALCULATE COLLAPSE VELOCITY OF THE LINEK AND MAIN

. ¢ VELOCITIES'MASSES+AND ENERGIES OF BOTH THE JET AND SLUG, AN

c ALK

\ c THIS CODE wILL PREDICY PENETWKATION AND WOLE PHROFILE AND GIVE MATN

{ c PENETKATION=STANDOFF CURVES AND TABLES, MAIN

C mATN

' % o LIST OF VARIAWLES MA TN

Co (4 mAIN

o c ALRAD = ALPHA IN RADIANS MAIN

: ¢ CON = DETONATION PRODUCTS CONSTANT (K). MATA

: c D2 = ODELTA 7 DISTANCE ALONG THE LENGTK OF THE LINER MATIN

;. ! (o pY? £ TIME THE DETONATION wAVE ARRIVES AT EACH 2 POINT MAIN

Co ¢ Al = ANGLE OF INCIDENCE ) MAIN

o C 21 = DISTANCE ALONE LINEW MAIN
o c TZt1) = TIME AT EACK POINT ON LINER MAIN :

. c GAMA(I)= ANGLE BETWEEN AXIS AND COLLAPSE CIKECTION, MAIN

o ¢ BETA(I)s COLLAPSE ANGLE MATN

l N V(1) = COLLAPSE VELOCITY mATA

| ¢ TAU(I) = TIME FOR EACH ELIMENT TO KEACH THE AX1S MAIN

! ¢ PHT (1) = ANGLE OF LINER BENDING, MAIN
: C PHID = ANGLE OF EXPLOSIVE BENDING. MAIN 3

f ¢ RPWIO =&  J/PWI0 MAIN

| ¢ RPH] s 1/PKY MBIN

¢ C(IY = POINT ON THE AXIS WHERE EACH PARTICLE WILL MWIY NATN

; ¢ VJ(I; = VELOCITY OF THE JET MAIN

b c VN(I) = VELOCITY OF THE SLUG MLIN

¢ co & SQUND SPEED OF LINER MATERIAL( COPPER CCEo395 CM/MSEC) MAIN

C RV(1) = FLOW VELOCITY (VF), DIRECTED INTC STAGNATION FOINT, MAIN

; ¢ OFJ(1) = DELTA ENERGY IN EACH JET SEGMENT MAIN

4 OFN(I) = DELTA ENERGY IN EACH SLUG SEGMENY HMAIN

¢ R(I) = &ADIUS OF THE CONE AT EACKH DELTA 2 DISTAMCE MAIN

. ¢ DA = APARENT DETONATION RATE, MAIN

' ¢ DML (1) = DELTA MASS OF THE LINEFR MATA
" c £l = AMOUNT OF EXPLOSIVE ABOVE EACH POSITION ON THE LINER MAIN ¢

; C DPOINT = INITIALLY IS THE TOTAL HEIGHT OF THE CHARGEs THEN BE=  MaIN

} c CUMES THE INITIATION POINT ON TRt 2 DIRECTION, MAIN

c NRAT = RADIUS OF CURVATURE UF THE CONFINMENT, MATIN

c 1F NRADE0.=THEN THERE wILL BE A& LINEAK THICKNESS OF EXPLGMAIN

C MAIN

c INFUT PARAME TERS MATN

o e
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) ) AN 57

( ¢ MAIN 5S¢

| ¢ CARL NUMBER ) MALN S%

5 ¢ MAIN 0

, 3 MAIN 6]

‘ c IJOWN = 1y A PARAMETRIC STUDYy 29 A NEw CASEe MATA b2

¢ »alN 63

c HEAD ® A HEADING CARD, MAIN 64

c MAIN ©5

c MAIN 6o

c CARL NUMBER 2 MALN 67

| ¢ MATN 6K

3 ¢ ALPHA = HALF ANGLE OF THE CONE IN DEGREES., MAIN 6%

. C EPS & THICKMESS OF THE LINEK, (0 IF UNKNOWN Ok VARIABLE) HATN 7D

, ¢ RHOU = DENSITY OF THE .LINER MAIN T)

. ¢ RF = FINML HADIUS OF THE CONE HAIN T2

! ¢ " = HMEIGHY OF THE CONE. IF MmO,¢ THEM M WILL BE COMPUTEDs  MAIN 73

i c cor s CONFINEMENT FACTOR(0 FUR UNCONFINEDy IF CONFINED = THICKNMAIN Te

' ¢ RHOCON u DENSITY OF THE CONFINEMENT MATN 15

| c NPLY = NUWMBER OF PLOTSs 0eSKIP, l=ALLs 2=VEL. ¢ FENETRATIUN MALN T6

. ¢ NPOS = NUMBER OF (Ry2) POSITIONS TO BE READ IN, MAlN 77

{ c IF NPOS IS 0 DO NOY READ IN (Re2) COORIDNATES. MAIN T8

| ¢ CARD NUMBEF 3 MAIN 7Y

: c MAIN 60

; c RHOC = DENSITY OF THE TARGET MAIN )

\ c S0 = STAND OFF DISTANCE MAIN &2

c IF SOm 0. PENATUATION STANDOFF CURVES wILL BE PLOTTED.  MAIN 83

c cK = CONSTANT FOR OLTERMINIMG HOLE VOLUME MAIN e

1 ¢ IF_(CK #04) CK WILL BE CALCULATED AND LMIN WILL THEN  MAIN &5

' c RECOME THME B8HN TO BE RFAD IN, MAIN B6

c UMIN = VELOCITY MIN, USED IN THE PENETRATION THEORY MALIN 87

c IF (CK =0e) UMIN WILL BE THE BHN, MAIN B8

. c n s BREAKUP TIME OF THE JET HATI K6

S c 15( T1 = 0,) T1 WILL BE CALCULATED, MAIN 90

c OPOINT = INITALLY IS THE TOTAL NEIGHT OF THE CHARGE MAIN )

i c RDPY = WADIUS AHOVE AXIS WHERE EAPLOSIVE IS INITIATED, MAIN 92

¢ NEXFL = EQUATIUN OF STATE NUMBER FOR THE EXPLOSIVE, MAIN 93

: c NEXPL EXPLOSIVE DENSITY DETONATION RATE MAIN 94

- c 1 COMP B 1e72 ot MAIN 95

¢ 2 ocToL 1.82 +85 MAIN Sb

' ¢ 3 LX 1R HTTe  MAIN 47

' c N = THE NUMBEK OF ZUNES 2=AX1S IS TC SUBDIVIDED. TF NmO THE MAIN 9@

c DEFAULT VALUE 1S NméS, MALN 99

¢ MAINIDO

c MAINIOL

| DIMENSION EXPLO (6)e RHOHE (6} DVI(6) MAIN1O2

CINENSTON RI()100)sIMAT(100) MAINIOS

. DIMENSION EPSI(100)s DAI(100) MAIN]1O&
. DIMENSTON RP (200)oPLOT (D) MAIN1OS .
i DIMENSION PSO(50)s PPT(50) MAINIO6 it
¢ CIMENSION CONF (&) MAINIOY ]
o DIMENSION UJK(200) 9 DMJK (200) MAIN]OH ]
o DIMENSION HEAD(6) MAINIOO 4
: DIMENSION DML {31000+ RV{100}s DEL(100) MAINILO '
o DIMENSION 2(100)s T2(100)e TAULIOU}s EC100)s MHIC100)s DPHMIL100) s MAINILY |
s 1 BETA{100)es GAMACIO00) s R(100)s CC100)s VUCIOU)y VA(100) s DMULIUWIMAINILE . i
b 2 o DMN(1I00)s DEJ(1I0OC)s DENC(100)s RPHRI(100)s V(100) MAIN113 j
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At

C , MAIN] LG
C COMMON mMAINT 1S
C MAIN] I
COMMON ALRADy EPSe RHOJs RMOCY KF 4 RPHIOW DTZe SOv Che DAy My Le MATNY LY
1 PTe DEGTOMK © mAINL LR
COMMUN AMUCL00) s THETA(100)s F(100): DF(10D)y T(IOG}s DYLLOU) MAINY)®
1 G(100)y PCLOO)e ALLO0)s DELA{L100) DVU(LO0)s D200LTCL00) MAINLEOD
2 RSOU100)e RCLIOO0)s T)o UMIN MAlNLE)
COMMON /LPLOT/ 2y T2y TAUy Ev PHYy DPHIy BETAe GAMAe Re Co VJe UNsMAIN) 22
1 DMJe OMNhe DEJe DENe RPHIs V MAINIR2
C MAINY 26
CATA HWEAD(B) /1k>/ (MAINY2SD
DATA CONF{l)s CONF(2) /LOMUNGCONFINEDs 1H>/ LMAINT 26D
DATA CONF(3)s CONF{4) /LI0MCONFINED o lB>/ MAINYZTD .
DATE PLOT(I)oPLOTLE) ¢PLOT(I) 74HSKIPoIHALL +BMVEL o FEN/ ‘MAINY 29D
DATA EXPLOCL) /6WCONMP R/ « EXRLOLZ2) /5HOCTOL/ MAIN] 28D
DATA EXPLO(3) z4k TNY/JEXPLO(6) /EHPEX=DADL/ s EXPLOIS) 20Nl X4/ MAINY 30D
DATL EXPLOLG) 76HO280/ MATINL 30E
DATA RMONE(1)e RMOME(2) /1,72¢ 1,82/ MAINI3LIL
DATA HHOHE(3) /14637y PROHE (4) /1 48B4/ e RHOME (86} /] LB1/ oHHOME (8) /)1 e T sMAINTL 32D
DATA DV(1)e DVI(2) +OV()9DVI) /o T98 s HeB 6900 4RBO/ MAIN1330
DLTA DVI(S) 4DV (6)/BT408,,R6TT/ MAIN] 36D
(4 FERUAFRGRENBINN SR IV AU HRRRID ORGP REHNGIELLRRPIR R NO OB HO PR PR RSO RMAIN] 38
C READ IN HEADING ONE TIME FOUR EACM PARAMETHIC STUDY MAINY 3L
C MAINY 3T
1 CONYINUE MATN] 38
HEAD (5+37) YIJOMNYHEAD HAIN] 30K
IF(EOF(5)) BQRT65e2 MAINY39A
2 WRITE (6438) 1JOMNeHEAD MAINIGON
C MAINlw)
C BEGIN LOOP FOR & PARAMETRIC STUDY MAIN) &2
c . MAINLGD
C ) MATN14S
C READ IN INPUT (2 CARDS. BOTH WITH TE10.30215 FURMAT,) MAINLa®
4 MAINY1GT
C MAIN)&E
C READ IN LINER AND CONFINEMENY INEUTS MAIN WG
C BAhINIGD
FEAD (5036) QALPHAVEPSIRROJIRF yHy COF ¢ RHOCONYNPLT o (S MAINLIBLIR
4 MALK]SE
[« READ IN TARGEY AND EXPLOSIVE INPUTS MAINIES
[ MAIN]SG
READ (54¢36) RHOC«SUsCKoUMINGTLsDPOINT4ROPTyNEXPL N MATNL GGk
SHeH MAIN]1B6
C0=.,395 MAINIS6A
TuJddelle MAIN156Y
JOHAT =) MAINLIET
TECUT %0, MAINIBTA
TECLTZ?=0, MAINISTR
TECLUT3=0, MAIN1STC
TECUTax0, MAIN)&TD
TECULUTH=D, MAIN1STE
TMICUTSO, MATNISTF
TMCL . 120, MBINLETO
Terive=0, MAIN]BTH
TMCUTIRO0, MAINIBT]
TMCLTh=G, HMAINISTY
63
A
R L0 h i o [ttty o (8 Wb o LN it | O P e S A

[T S KSR A DRNET NS Sy RN SN g 3 SR L VI 00 ) A st S I, R0 g TR I A )




B by U0 e LR Pl R

qm' v TR T R e TV ATy ey ey

g T T T T T TR Ty
{ ! LS SRl N B 2 P YR N R
' T

K|
'{ | TuCUTSRU MAINISTA
T . AVMAKRO, MAINLISTL
P NRADRO CTSTILY )
T DupV (NEXPL) MAIN]S®
o 1CoFu) MAIN]6O
. , 1r (COF.GT-O.Q 1¢OF =) MAIN)G6]
_ CoNn, 18 MAIN]G2
' , Y] HAIN)G3
1 1¢ (NJEQL0) NweS MAIN] G
- LERRORNO MAINIES
! RADMFLOAYT (NRAD) MAINILG
i VJORy. HAINI &Y
g TuLLw0, MAINIETA
! LNLL KAINIEB
. 1 TEung. . MAINYE®
i R GETH MAINITO
! ' ToNeD, MAINIT
D T =0, MAINITR
! SUMVJRD, WAINYTS
? VJrAxet, : MAIN) T4
o UJKmaXRD, MAINITS
f THASSHD,0 MAINI TS
S DHASSEO, MAINITY
| DHYTEWD . MAIN]TE
" Pe 3 umlel1400 HAINYTY
2t 80, WAINISO
3 ARU(J) =D, . MAINI )
4 MAIN) B2
‘ ¢ CONVERT ANGLE ALPHA FROM DEGREES TO RADIANS, MAIN1 83
. ¢ 4 MAIN] bé
PIed 14159265309793 MAIN) €6
: DEGYORWET ,2057795)4) MATN] 84
| ALRADSALPHA/DEGTICH MAINY WY
T TRRFsTAN{ WS®ALKADY MAINIBTA
< COMPUTE THE NEIGHT OF YHE LINER IF NO GIVEN IN INPUT, MAIN] BH
f ¢ MAIN] B9
. IF (HoLEWLCu) MuRF/TAN(ALRAD) MAINI SO
! ¢ WAIN1I9Y
: D2eK/FLOAT (N) MATINE 92
DYZebZ/D MATMI O3
| ¢ SEY UP CONSTANTS TO BE IM LATER EGUATIONS. MAIN U
RMOE sCONSHMOJSEPS MAIN; 9
SASINCALRAD) MAINI UG
CAuCOS (ALRAD) WAIN] 57
ThuTEN(ALRAD) MEINIVE
IF (PF.LEeDs) RFuTA®M MAINL G
PIPSsP1/3, MAINROD
. PIp w2,00R) MAINZOOA
SIGMANRHOURERS MAINZO0)
c MAINZO2
: ¢ DEYONATION POINT IS THE HEIGHT OF YHE CHARGF = MEIGHY OF THE CONEJMAINPU3
bl c MAINZ 04
t DPOINTRDPC ‘NTmH MAINZUS
: 1F (DPOINT, S,04) DPOINTRZ2,RF ~ MAINZOSA
Foo IF (COF,6T,0s) COUNFTKWCOF nAINZOG
Cas DELCOF«CONFYK /20, MAINZOT
Mo 3 MAINZ 08 i
L
B ?
j i
o 5
4
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F‘ 64 1

-~

-
i
l'&ﬂ.ir o S i 1 e«

Lﬂ«lfgmrm g e
AT Y I TV T i TN A R T TS o DT KA ST s T B e ——
s -uu...du; ......éi..ﬂ aadiells L z I Vg

LATTE huh.u.hﬂj ) ‘_du\‘, P




[ URUUI N

‘ ¢ CNF =~ CONFINEMENT FACTOF (INCREASE IN EXPLOSIVE THICKNESS), MATN2OY
k C MAINZ1O
COFE) 44 abbORNOCON®CONFTROH 00,1778/ {T,R®, 601980RHUUPEPS) 02,400 IOHFMAINZ )]
1] /(DPCINT®2,0452; MAINZ)?
A WRITE (692R) ALPHAICONSEPSeRHOJyCONF (1COF ) e CONFYKo#HOCONICOF s HoRE o MATNZ 130
A 1 NZyDTZeN MEINZ Jow
] WRITE (6929) EXPLOINEXPL) ¢DoRHOME (INEXFL) 9sDPOINT ¢ KDFToRHUC sS04 MAIN215w
) UHMINIPLOTINPLT]) MAIN? 16w
RRFePF MAINZ17
PHI(Y 13, 0/DEGTOR MAINZ )G
¢ INITIAL TIME OF COLLAPSE TwsTAU, MAINZ)Y
Yws,) MLINP20
. c CONTANT FOk THE ACCELERATION ROUTINE, MAINZ?)
C1R2,8COYEPSURNOU/ (3029, 26908,4) MALN2214
FTERV®,00000) MAINZZZ
; ¢ MAINZ23
. ¢ SETUP ROUTINE MAINZZ6
' ‘ < MATNZ25
! C SETUP INITIAL POSITIONS (Re2) MAINZZ6
: c MAINZ2T
} c R« INSIDE KADIUS OF THE CONEs R « OUTSIDE RADIUS OF THE COMe. MAINZ2b
; c MAINZ 20
| X=EPS/CA MAIML23N
: ¢ MAIN23)
i c THIS 1T & SETUP WOUTINE FOR A SHMAPED CHAGE LINEW #I1TH CONSYANT ERSMAINZ32
i < MAINZ3Y
= IF (KVMOS.EG,.0) NPOS®] MAINZ36
NPOSENPOS+] MAINZ 3N
L WRITE (6+2T) MATN2364
, IF (NPOS.GE<N) GO TO § MATNZ 3T
N DO &4 JaNPOSeN MATNZ3R 4
2412 (J=1) D7 MAINZ23S
IMAT (J) =) MAINZIDA
. AgrmZ(J)eTa MAINZ4O
‘1 KI(JIBR{J) =X BAINZe]
| IF (RI(U)JLE.0.) RI(U)mO, MAINZ&Z
: IF (RIGJ)oLELD,) 1Smyel MAINZ424
IF(AES(RI(J)w0,0) sLE«000)) HI{J)x0,0 MAINZ42E
! 4 CONTINUE MAINZ43
- 5 CONTINUE MAINZG®
WRITE (6431) MATNZo5W
WOITE (e34) (142(1)eleleN) MAINZGOW !
WHITE (6932) MAIN2GTW ,
WRITE (€936) (leR(I)eImloN) MAIN24EW i
. WHITE (6433) MAINZ4OK
i WRITE (6434) (1eR1I(I)eIm]leN) MAIN2LOW
¢ MAINZS] !
¢ MATIN2S2 ¥
. c E 0 OF SETUP ROUTINE MAIN253
7 ¢ MBYIN254
S TZ(1)=DPOINT/D MAINZBS
: EPST (1) EEFPS MAINZERA
Voo c MAINPSE
' < SYART SPACE + YIME ITERATION, MAINZSY?
C MAINZSH
CO 10 I=2«N M2 IN2BI
Vil =(, MAINZ&O
65
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VN(1)®0, MAIN2€)
vJilimo, MAINRG2
UJK{T1) =0, MAIN263
¢ FIND WALF APEX ANGLE=ALPHA MAIN266
D2 (1)e2(]=)) HAINZ6T
DRaR (])=R(]=1) MAINZGE
ALRADSATAN2 (DR4DZ) MAINZ6O
SARSIN(ALRAD) MAINZ2TO
CARCOS (ALRAD) MAIN27)
TASTAN(ALRAD) MAINZT2
IFLIMAT(]) LEU.1) COm,392 MAINZ2T3
IF (IMAY (1) ,EQel) HHOURB.S MAIN2T3A
EPSm(R(I)=RI(1))®CA MAINZTS
c HAINZTS
c 60 YO SUBROUTINE CALAI TO CALCULATE INCLINATION ANGLE (Al), MAINZTE
\ ¢ (D4)=DETONATION COMPONENT TO VELOCITYs ANL (RPHID)=],/PHIO, MAINZTY
: c : MAIN2TE
i CALL CALAI (I+ZeReDPOINTIRDOToJONNTAT) MAIN2TS
; bAT (1)=DA MAIN2B0
’ ¢ MAINZE]
¢ COF 1S FACTOR FOR CONFINEWENT, MAINZ B2
.] ¢ MAIN283
‘ ¢ MATINZEG
i ¢ IF RAD IS GIVEN NO EQ, O+ CLACULATE CURVED THICKNESS OF EXFLOSIVE,MAIN2ES
c MAIN28S
IF (RAD«GToDs) E(I)RSQRY(ABS(RAD®®2e (H=Z(1))®82) ) =kAD* (H=Z(]1))*TA MAINZET
¢ MAINZGE
oy 4 CALCULATE EXPLOSIVE THICKNESS MAIN28Y
| E(1)BCOFY (RF=R(1)) (COF=] ) SRHOCONSCONFTK/T,8 MAIN290
¥ c CALCULATE 1a/PHI MAINZS)
¢ MAIN262
‘ TZ(1)=2(1)/(DAsCA) MAINZ83
o TZ2(1)eTZ(D)eT201) MAINZOS
{ | THEQCE.BeP Al MAIN2OS
| THE=ALRAD=THESQ MAIN2SE
! EPSI(IISEPS/COS (THESO) MAIN2QT
. E(I)®E{1)/COS (THE) mAIN29E
{ RAQExCON®RHOUSEPST (1) HAIN29Y
! CONESRHOE#() MAIN3OU
. RPHI (1) BRENID&RHOE/ZE(]) MAIN3GL
\ c MAINIO2
| ¢ SUBROUTINE TO CALCULATE THE ACCELERATION OF THE LIMER, +“ATN303
c MAIN3O4
c ROUTINE WILL ITEHATE ON TAU AND PHI, MAIN2DS
co ¢ MAINIOG
' DO ¢ Jelye300 MAIN3OT
CTREXP{(SQRT(CONE/ZLE(I)eTM)) )) MAIN3OE
. AP (J)mRPHI (1) eC? MAIN3CY
: TwmPR (1) /(DAC(SINCALRADY140/RP (J))=5A)) MAIN3)D
o IF (JeEGL)) GO T0 & MAIN3IL
P IF (ABSIRP (Jy=RP (J~1)) ECETERM) GO TO 7 MAIN3L2
by & CONTINUE MAINILS
| ¢ MAIN3L6
. ¢ END ITERATIVE PRUCESS MAIN317
r‘ . c MAIN31S
ey NENTS| MAIN319
Fz‘ . T CONTINUE MAIN320
&
o
|
o o
g
‘1‘?\’*
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: c MAIN3Z)
Y ¢ TME END OF THE INVLRSE VELOCITY GRADIENT SUBRCGUTING, MaIN3Z2
- ¢ MAINI23
v Tau(lYmTw MAIN324
) APHI (1) =RP (J) MAIN3ZS
! ¢ “MAING2H
{ PHI (1)m),0/RPHI (1) : MAINZ2Y
{ DPMT (1) mABS (PHI (I=1)wPH] (1)) HAIN3 26
| IF(RI(])LELD.0) GO TO 10 MAINAZRA
i SPeSIN(PHI (I MATN32Y
TPeYANIPHILIN MAIN3 30
! SAPRS TN (ALRAD#PHT (1)) MAIN331
C CALCULATE  TaN(BETa=ALPHA) MRIN3I?
! . ¢ MAIN33)
_ TALPRABE(D7® (SAP=SA)®TRok (1) @DPKH] (11 @CA) /{D2S (5APSSA)ImR (1) SDPF] (]I MAINA e
, 1 #CANTP) MAIN23S
c MATN336
4 . ¢ SOLVE FOR THE ANGLE BEYA IN RADIANS, MAIN3Z 37
: c MATINAIR
j BFEYA{])=ATAN(TALPHAB) +ALRAD MAINI DY
, IF (1.EQe1) BETA(IIRALRADOPHI(]) MATN340
: c MATEAG]
: ¢ SOLVE FOR THE POINT OF COLLAPSE ON THME AX1S, STAGHATION POINT o8P, MATM3G?
‘ CLIIEZ(I)®SP/ (CA% ISAP=BA) ) MATK363
c SOLVE FOR COLLAPSE VELOCITY MATND ok
V(11n2 0%DA®SIN(PHI(]) ®,5) MAINALS
GAMA (1) B, 5¢P]w (AL RAD® JS5%PHI(])) MAIND 46
, VJ(T) eV (1)%COS{ALRAD ,BOPHI (1) =, 50BETALTI ) /SIN(E®HETA(L)) MAIN3GT
VN(I)EV(1)OSIN(ALRAD® ,SOPH] (1) =, S®BETA{]) ) /COS(,SeBRETA(T)) MAIN3GR
ML (1) 3PIF SEPS#R(1)#0Z/Ch MAIN3GY
DML {I)=DML (1) SRKDY MAIN3#9L
o DLMASSEDML (1) MATN3u9b
. OMN (T i 5@ (1, +COS(BETA(L))) MAINISG
l i LMY= 5O (1 =COS(BETA(I) ) MAINSS)
. ATx?2 #(ALRSD ,S*PHI (11w, H¥BETA(])) NAINIGZ
P DFEJ(11w,50(1,¢C08(AT)) MALN253
i DEH(I) w59 (1,=COSTATYY HAIN3DG
| ; c . MAINIBD
: c COMFUTE THE RELATIVE VELOCITY OF THE JEY AND SLUG, MATH 258
} ¢ THIS 16 YhE FLOw VELOCITY. (VF), MAIN357
| AVII)z.5¢(VJIT)I=VN(])) MAIN3ISE
b TR (RVLI) JGTRVMAX) HYMAXBRVLD) MATN3IS8A ¥
' c MAIN3SS o
{ TMLETMLeDKL (1) MATN360 §
, TMI=THIeDMU{T) 4DML (1) MAIN2BY .
' c 1F TWE FLOW VELOCITY 18 GREATER THAN 1,234C0, REMOVE MASS FROM JETMAIN361A i
SFARV T Z7C0.6T41.23) THUz0, MAINIB1B ?
. c ALSO PEVOVE KINETIC ENERGY FOR JETY, MAIN36LC o
8 IFIRV LTI /C046T41423) TEURL, MATN36LD 5
. TMNETMNSDMWLT) #DMLLT) MAIN3ER %
: OMJK (1) eDMJ (T DML LT MAINI €3 '§
v DEL (1) % 58DML (1) ¥V (1) ®ep MAINIBG g
TKERTKESDEL (1) MATN36S |
TEJeTEJ+DEJ (1) #DEL (]} MAINIB6 i
UJK (1Y eVJ LT MAINIBT g
; IF IVOII) GLEWVUNAKY GO TU 9 MAINIbE .
. VorbxzvILl) MATN36S ﬁg
.«“‘ - "
Y .
G &7
!
1 §

T e~
AL i

R e LUy

R T RN SR YO W TR S AT SO PP, A

T R TR T T T U 7 i, i TR T T O
Suled JAp




S e T

i
!
1
!
i
5’
!
:‘
]
E
|
i
}
3
A

e e e s e St o o e

e A i

et e s

e XalalalR

4 '-i"mm’ﬁff’"ﬂ"“" TR TR AT .
" (LY PP - - e g
il dicia v Y [ AR > -

ONJTE'D"JTFOOﬂJK(I)
SUNVJ'SUMVJ‘VJ(X)'DNJK(I)
VJTEUSUNVJ/DMJYE
Vs ]

4% CONTINUE

10 CONTIKUE
END OF TIME AND SPACE INCREMENT ALONG THE WEILHT OF THE L

CALL SUBROUTINE Y0 COMPRESS THE JET

caLl VELGR (NgUJK sDPIK #1513
TFJCUTRD,

Dh 32 In1SeN
TFLUJK (1) «BE 4 e®) T”CUT\ITNCUTI‘D“JK(I)

TF USR] o BE, o) T“CUTZ'?“CU?Z‘DKJK(X)
IF(UJK(1) +GEe D) TMCUYS!TMCUT!‘DMJK(X)
TF (UJK 1) oBE o e) Y“CUT&ITHCUTQ'DNJK(I)
1FLUJK(T) o GE»s)) 1ﬁcUTSuTﬁOUTStﬂvJK(II
1f (UJK (1) oGE o 25) T“JCUTITNJCUTODNJK(!)

If (UJK (1) ¢ 6E » 4 25) TEJCUT:TEJCUT&DEJ(I)'DEL(1)

1F (UUK (1) 2 BE . e®) TECUT\"ECUTlvDEJ(Il‘DEL(l)
IF(UJK(X)oGE..&) 1ECU72115CU‘EODEJ(1).DEL(1)
!F(Udkli)oﬁipp33 15CU‘3‘YECUT30DEJ!1)‘DEL(I)
1?(UJK‘1)¢GE--Z‘ TiﬁUTb'TECUTGOUEJ(I).DELii)
1€ (UJK (1) o BE0ad) TECUTS'YECUTE‘OEJ(I)‘DEL{I)
1F (UJK(‘\-LE-UJK“‘%) b 10 1)
1¢(RV(I\ICO.GT.1.23) ‘EJCU"Q.
IF(FV‘X)/C0.51;$pz3) THJCUTR0 .
‘!HFV(I\/CO.GT.I.?&) ‘ECUTI.QA
1F(PV(1)/C°.6701023) TECUTRal.
XF(RV(X)/CO¢GT-\¢23) TECUTIR0,
IF(PV(X\/CO-GTolo23) TECUTenl.
IF(?V(I)/COoGT.\.23¥ TECUTSR0.
IFSﬂV(I)/CO-G’.\.233 THCUTos0,
IF‘WV(I)ICO.GT;).23¥ TMCUTGs0 .
1FlﬁV(l$/C0-51.1.23) THCUT3sh,
IFIﬁVCI)/COaGT.1a23) TMCuT2=0.
xFIVV(I)ICOnGT.1023) THCUT1e0,
T“ASS'YMASS‘DHJK‘I)

UJKMAREUJK LT

N ]

11 CONTINUE
!F(RV(!\ICO.GT.1.23) TMASSuDNJK (1¢1)

lF(RV(X)/CD.GT.\.33\ UJKMAXGUJK(I‘i3
!FQRV(Iilco.GT.l.ﬁﬁ) whelel

12 CONTINUE
Nisl

NPsh
IF (N.GE 57) N2mBT
13 CONTINUE
wRITE (6922)
WRITE (6424)
DO 14 T¥N1aN2
PHI (1) =PH] (1) *DEGTOR
RETA (1) mBETA (1) #NEGTOR
daMp (1) wGAMA (1) $DEBTOR
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NAIN3TO
MAINITY
MAINITZ
MATNITI
MALTNITe
MAINITS
MAIN2TE
MAIN3TT
MAINATE

ITYMAINDT®

MA IN3BO
MAIN3BI
MA IN3BZ
A TN3ES
MAINIB3A
VAINIBIR
MAIN3BIC
MAINIRID
MAINIEBIE
MAIN3BIF
MNAINI GG
HAINIHeb
MAINIBGD
MAIN3BAC
mAINIBOD
MAINIBAE
MAINDES
MATIN3ESA
MAIN3EER
MATNIESC
Ma INI6SD
WATHNIUSE
MAINIBSF
MAINIRDG
MATNIEOH
MAIN3EE]
MAln3uS
MAIN3EEK
MAIN3ESL
MAINIBE
MaINIET
MAIN3AE
MAINJES
MO INIBIA
MAINIBOD
MAIN3ESC
MBAIN3IGU
“aIN3GL
MAIN3GZ
MAIN3G]
MAINIGE
MAINIGSY
MAINIDOW
MAIN3ST
MAINISH
MAIN3GY
walNe OO
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1
|
[l
l NDPHI(I)aDPH]I (1) ®DEGTIN MAINGLO]
{ 2(D=Z2(1) /¥ MAINGOZ
\ WRITE (6423) TaZUI)aTZ(I)eEPSI(I)eE(I)oPHI(I) eBETLL(I)oDMRI(]) MAINGO3w
] 1 RPHI(I)  oVII) ek (1) o TAULIYSCI(]) MAINGOGW
| BETA(I)®BETA(I) /DEGTOR MAING 05
; 14 CONTINUE MAINGOG
( IF (N.LE.N2) GO TO 15 MAINGOT
| NiwN2el ) MAINGOH
N2wh MAINGOS
% 60 T¢ 13 . MAINGIU
15 CONTINUE MAINGY) 1
l TMJR0 40 MAING]1A p
Mel MAING12 ;
‘ . Noeh MAING]3 {
IF (NoGE.57) N2287 MAING 14
| 16 CONTINUE MAINW1S !
» WRITE (6423) MAING bW 1
{ . WEITE (6e25) MAING1TK *
| CO 17 IsN1N2 MAING1R i
' THURTMJSOMIK (1) MAING1BA !
i IF(RV{1)/C0.6T41,23) THUR0, MAING 1RB ‘
WEOTTE (6023) IoZ(1)eVJUII)aVNITIoRV(I)oDMULT) «OMN(I) oDELCI) oDML (1) 9 MAING lYw :
{ 1DMJKETY s THY MAING2OW
o c MAING2) k
. 2(N)=2()on MAING2)A
I 17 CONYINUE MalINe22 ;
j IF (NeLE.N2) GO TO 1@ MAING23 2
Nlah2e] MATINGZ6 i
N2aN MAINGZS ]
R 60 T0 16 MAING 26 1
| 18 CONTINUE MAING 2T i
' 1F (IERROR.EG,1) GO T0 20 MAING2TA .
o IF (KHOCLEG. 040} GO TO 20 MAING 28 j
: ¢ CALL PENETRATION SUBRQUTINE CALCULATES JET RADIUSIDEFPTH OF MAING2S !
‘; | ¢ PENETRATIONs HOLE RADIUSesANL ALSO PENETRATION SYANDOFF CUKVES,MAIN43U 3
; ¢ MAING 3] )
1 CALL PENTRAT (NeZyRoTZyOMUsBETATAUGCoUJKIRYoVJOSUMASS o MNyHEAD ¢ PSOMA ING 32 k
o 1ePPTyNCDeEFST DALY MAING 3D .
i , ¢ - MAING 34 i
c MAING2S i
DO 19 IxleN MAING 36 i
¢ CONVEKT VELOCITIES TO (MM/MICROSEC) FOR PLOTTING AND REPORTS, MAING3T7 4
¢ ALSD COMVERT DISTANCES Tn MM, MAING 38 ]
c ML ING3S i
BETAUI)=BETA(]) #DEGTOR MAING&O i
Vu(limvu(l)s®lo, MAINGG] 3
VI =V (I)®10, MAING&D :
CtIi)xC(lV®l0, MAIN&G3 ;
LUK (1) e10,%UJK(]) MAING 64 i
2=z (1) /0 MAINGG&A .
19 CONTINUE MAING4S ;
1IF (NPLTLEQ.D) GO TO 20 MAING GG ]
CALL PLOTS {NsUUKsDPOINTyRDPTyHEADYPSOsPPTeNCDINPLT o ]S) MAIN&a? p
20 CONTINUE MAINGGE !
LukkaXzliJkMAX®]) D, MAINGGY H
¢ PEINT SUMMARY OF RESULTS MAINGSE )
C MAINGS) )
)
\
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|
! WRITE (6439) MEAD MAINGS2S
- WRITE (60301 THMLoTMJs THNG TKE s TEUs TEJCUT» THUCUT . MAINGSDS
\ LEMMACHERVMAX/CQ MAIN&SIA
: WRTTE (6061) TECUT)oTMCUT]eTECUTZ o THCUT29 TECUT3 9 THCL T30 MAINADAW
! 1TECUT& s TMCUTASTECUTS s TMCUTS g AMMACH MAINGSGA
| WRITE (6435) MNeZ (MN) JUUKMAX s TMASS MAINGSSY
! NPQS= 0 MATNGS5A
{ IF (1JOHNGGT.1) GO TO 1 MAINGSS
GO T0 2 MAINGST
9RTOE WRITE (6440) MAINSSSw
] WEITE (6¢23) 1eTWeRP (U)eRPHI(I) ¢CToBETALL) MATNGEOW
1ERRCR=] MAINAGI]
| sTOP MAING&2
{ C MAINSBS
c FORMATS MATNG %Y
! [+ MALMES
. 23 FOPMAT (14¢2Xs1P12610,3) MAJ bbb
24 FORMAT (2H1145X92H Z98Xs2HTZeBXeIHEPSTXy2H EobXedRPHI s TX o4 NHETAPOMAINGET
i 1X o4HDPHI s6X o @MRPMIs6R ool VebXaoH K s6Rebh TAUsRR g4H €/ HAlNbbU
: 25 FORMAT (2H11 26X 1HZe8X 3N VJsBRI2HVN TR K RV.?Xo3HDﬁJ07Xo3HDMNQTIN&INaﬁ9
| 1 93HDEL ¢ 7X ¢ 3HOML s TX 14 HDMUK ¢ OX 0 IHTHY/) MLINGTO
: 26 PORMAT (8E10.4) MAINGTY
] 27 FORMAT(1H)/" INITIAL POSITION'/) MAINGTE
28 FORMAT( ////%0Xs ' INPUT PARAMETEWRS?//e5Xe? ALPHA = 1eFb,30TXy 'K COMAINGTI

i INSTANT ® t4F6¢30TXy *THICKNESS OF LINER = V5F6e3eTX0! DENSITY # vy MALINGTS
] 2F6,3//5XeA1008Xe? THICKNESS = VeF6e3s7%e* DENSITY VoFbe3e5K e tFACMAINGTS
z AT0P & VeF6,h//5Xe 'LINER NEIGHT = t4F10.49TXo*LINEF RADIUS 21 Fl0,6MAINGTE _
$¢//5%e% INCREMENT OF 2 (UZ) = tsF10,4s7%s" INCREMENT OF TIMi LOUTZIMAINGTT 1
. 6 wioFl0e6sTXe INUMBER OF ELEMENTS (N) ® 1414¢//50Ke {DETONATICN!//) MAINGTE S
| 29 FORVAT(SX'EXPLOSIVE = 1y5XsA10¢3%Xe¢ 'DETONATION VELOCITY(D) = Yy MAINGTO /
) 1F10e5v6Ky SEXPLOSIVE DENSITY = 1F643//5Xs 'POINT OF DETONATIOM FROM MAINGBO
2CONE APEX(DPOINT) ® 1,F10e4+TX¢'DETe RADIUS (RDPT) = 4 F10.6//50ReMATINGE)
3V TARGET INPUTS®//5Kke I TARGET DENSITY = ¢4F743+7XyISTAND=OFF C1STUNCMAINGRZ
. OE m VoF7,307Xs0CK CONSTANT(BHN) = ¢cF1046//80XVMISCs INPUTS!/ /5Ky MAINGB2
l'! KAL049PLOTSY) MAINGES
. 30 FORMAT(//2/7/47777430%y ¢ SUMMARY OF RESULTS'/////%' LINER MASS miMAINGES
| 1eF10e6e® GM 1 .BX9VJET MASS & 14F10sbe? GF  Ve5Xe'SLUC MASS ® tyMAINGEG !
: 2F104600 GN 1770 TOTAL KINETIC ENERGY = t4Fliabe!? ERGS®) JO0E3 2 //YMATNGYT
3 TOTAL JET KINETIC ENERGY = 04F10.4y' ERGS¢]1,0k120//¢ TOTAL JET RIMAINGOE
GNETIC ENEHGY ABOVE JET VELOCITY (25 CM/MSEC = '9F)10.40! ERGS®) (0E 1MAINGBEA

e

621,00 TOTAL JET MASS AROVE JET VELOCITY 425 CM/MSFC = 1eF10eks? OMMAINGBEN 3
6 VI MAING BEC ‘
\ 31 FORMAT (//7(2K Te6Xe2H ZeTX)) MAINGBY
' 32 FORMAT (//7(3N  196Xs2H ReTX)) HMAINGYO
33 FORMAT (//77(3H 1e6Xe2HRIsTA)) MAINGO]L j
WEINGSZ

) 36 FORMAT (T(1hsaXeFTedsdX})
' 35 FORMAT(Y JET TIP AT 1 = 1418s0 RELATIVE POSITION 2/H ® '4F1048//MAINGSD

1? MEASURED JET TIP VELOCITY = teF10.He! Wi /MICKOSEC? /7! MEASUKRED MHAINSS4

e

. 2A8S OF JET TIP = V4Fl0.4s? GM  1/1H]) MAINGG4A
, 36 FOPMAT (TE1043+215) MAINGYS 1
. 37 FORMAT (1148A10) MAINGYS i
. 34 FORMAT (11¢30XeBA10) MAINGODT ,
v 3V FOPMAT (1H1930XeBALO) MAINGON {
40 FORNAT (VERRORY) MAINA9Y {

ol FORVAT (/' KINETIC ENEHGY ABOVE % CM/MSEC = t4F10.40 MAING OO

1 BND JET MASS = VoF10,4y MAINGO]
2 v KINETIC ENERGY ABOVE .4 CM/MSEC = V4F10.49 MAINS 02 ,
' Bl
3 AND JET MASS 8 VeF 1040/ MAING 3
“ t KINETIC ENERGY ABOVE .o CW/MSEC = V4F)0,.4y “AiNégf )
b AND JET MASS = 14F10,4y MLINGOS .
[ t FINETIC ENERGY ABOVE & CM/MSEC = t,F)0sbe MLINEDE N
T AND JET MASS = '4F10.4/ MAINED? y
£ ¢ KINETIC ENERGY ABOVE o1 CM/MSEC & ,F 1044 M‘INE’OH !
9 AND JET MASS u %4F10e0// MAIN'S(W ol
! * MAXIMUN RELATIVE MACH NUMBER = %¢F1044/) MAINS 10 !
END MAINB11- by
;
4
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. SURROUTINE PENTRAT (NeZsReTZoOMUsBETAsTAUSCoVUIRVIVUICIDMASS sy & Bl1e )
ool 1} MHEADGPSOsPFTeNCDIEPSISDAT) PENTT 2
? c PENTT &
4 ¢ C'OMPUTE PENETHATIONGRADIUS OF JET.RADIUS OF ThE HOLE. PENTT &
4 ¢ : PENTY &
N DIMENSTON MEAD (B) . PENTT 6
) DIMENSION EPSI(100)s DAIC10O) PENTT 7
L DIMENSION PPT(80)e PSO(50)s PVJTI(50) PENTT &
an DIMENSION Z(100)s TZ0100) ¢ DMJ(1I00) s BETA(100)e TALCIO00)s C(100)e PENTT &
L 1 VJi100)e R(1ODYe RV(100) PENTYLO
’ : ¢ PENTT1L
; ar [ COMMUN PENTT1Z
| . ¢ PENTT13
COMMON ALKAD, EPSe HMOJs RHOCe RFy REHIO, DTZ9e SOs Cke Dhs ke Ue PENTTIS
1 PTy DEGTOW . PENTT1S
i COMMON, AMU{100) e THETAL100) s F(100)s DF(100)e T(1O0C)e DT(100) PENTTI1®
X 1 G(100)y P(100)s A(10D0)s DELA(100)s DVJLIODYy YUDTI(I00), PENITL?
- v 2 RSG(200), RCUIOO0)s Tls UMIN PENTT 1M
! c PENETRATION PHASE PENTT)®
| VJO®0,40 PENTTIOA
, DC 11 lmiNoN PENTT20
; EPSEEPSI (1) PENTTZ2]
| DArbLAY (1) PENTT2Z
. IF {laLEoMN) VJ(T)mVJIMN) ‘ PENTT23
. 1F (14EGs3) RETURN PENTT24
IF (VJ0«GTL040) GO TO & PENTTZS ;
VJQsYJ (MN) PENTTZ6 4
JC1m) PENTTZY ;
. AKAYRSGRT (RHOJ/RMOC) PENTTRZH i
, AKISAKAYe], PENTTRY
. AKAx {3,4AKAY) /(2. %AKAY) FENTT3Y &
AKOR]mAFAY/AK] PENTTJ)
AlBkm]  /7AK] PENTT3Z
o HHN2320, PENTTIZA
| JF{UMIN,GT,1,0) BHNSUMIN PENTT32B 1
| IF (CK,EGoDs) CRE(2250,¢4,204BKN )#],0E=5 PENTT33 }
i IF (UM INGGT.1.0)UMINS (CK¥#1,0EE=1350,)/20400, FENTT3G
' c T1eT14(,75 1=,26)/(VJO=,28) PENTTAS i
! MEMA PENTT36 b
. LL1Ix0, PENTT3? i
DELA(]I)=O, PENTT3S !
‘ NF (1)=0, PENTT39 |
| Ftllen, PENTT40 ]
B DVyil1)im0, PENTTG] i
SUMku=0. PENTT42 ;
F K]} PENTT424 H
TLRI=T2(K)=TZ (1} PENTT42R |
DWMASSEDMUIN) PENTT42C ]
‘ IF (VJUKY L F o040} VU(K)®B) LO0E=02 PENTT420 \
S AMU(K)Y RV, 41 JLK) PENTT42E \
THETA(K) ™1™ ¥ o TRUIK) PENTT&LRF
FIKYRTHETA (K) ZAMULK) =S {K) /VJO RPENTTL26
OF (K)=F (K} PENTT42H
SUMMUEAMU LK) #6 (= AKAY ) #0F (K)o SUMMY PENTTGZ]
TUK) o AMUIK)IO® ], 0 AKAY)®(TOw (LasAKAY) ®SUMMLIY PENTTGZY
DTIK)ET (K} =TO PENTT42K y
G 1KY =VJ0® (T (K) ZAMU LK) =F (K)) PENTT42L f
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|
! ALK)RZ (K) =R (K)®COT (RETA(K)/24) PENTT42M
Sy DELA(K) ®A (K) PENTT42N
1 VJ (K =VU(2) PENTT420
I NCD=] PENTT«3
: IF (50,EC.0s) NCD®25 PENTT44
DO 3 Jm14NCD PENTT45
IF (NCDJGT.1) SOSFLOAT(J)®RFe2, PENTT46
202+ S0 PENTT4T
‘ T0=20/VJO PENTT8
o IF (204GE,VJOST1) 63 TO 1 PENTT 49
o PTEAK1® (VJOPT1) ®LKOK]#Z0%®A1OK=SORT (AKAYSAKISUMINGTI® (VJOSTI)®  PENTTSO
| | ®AKOK19Z06%A10K) =20 PENTTS]
i VJT® (AK1¢ (VJOST]) ®#AKOK1#Z0%¥ A1 0R=(204PT) )/ (AKAY#T]) PENTTS2
Loy 60 10 2 PENTTS3 .
‘ 1 CONTINUE PENTTS4
t | PYRAKAY® (VJOST1=SQRT (UMIN®T1# (VUOST1+20/AKAY)) ) PENTTSS
( VITSVJOPT/ (A¥AYeT]) PENTTS6
i 2 CONTINUE PENTTST
; PSO(J) =FLOAT (J) PENTTSE .
| PRT (J) =T PENTTSY
; PET (J) xPPT (J) 910, PENTT60
{ PVUT(J) 2V T PENTT6]
,| 3 CONTINUE PENTT®3
; ¢ 1F PLOTTING PENATRATION= STANDOFF CURVE USE 2. CD 1O PLOT MOLE PHOPENTT6é
! IF (NCDeGT,1} NCDIu3 PENTT64A
| IF(NCDoGT41) SOsFLOAT (NCDI)®RFe2, PENTToS
o IF (NCD+6T.1) PTPPT(NCD1)®.1 PENTTeb
IF (NCDsGT.1) VJT*PVJUT(NCDI)®a1 PENTT6?
| 2050+ H PENTTOH
1 T0=20/VJ0 : FENTTbY
3 c RETURN PENTTT0
. « CONTINUE PENTTTI
TZ2(1RT2(1)=T2(]) PENTTT2
o DMASSEDMU (1) PENTTTS
- IF (VJ(1)oLEsUs0) VJ(I)2]40E=D2 PENTTT6
; AMU(T) VJO/VI(T) PENTTTT
] IF (AMU(I)4LT404) RETURN PENTT T
; THETA(T)®TZ (1) ¢TAULT) PENTTTY
: FI)RTHETA (1) ZAMU (1) =€ (1)/Vy0 PENTTT94
DF (Y1) F (J1=F (1=1) PENTTE0
SUMMURAMU (1) @8 (=AKAY) DF (1) +SUMMU PENTTE]
: TUTISAMUCTI®® (1, oAKAY)®(T0s (1, 4AKAY) SSUMML) PENTTE2 )
| OT(1)aT(]1)=T0 PENTTH2 3
G(1)VJOR(T (1) ZAMULT) =F (1)) PENTTH6
: AC1)SZ(I)eR(II®COT(BETACL}/24) PENTTHS
: DFLA(1)sA(T)=A(1=1) PENTTB6
DVJLII RVI(T) =V (1e]) PENTTET :
D70DT (11 ®(T(I)=TZ (1) )8DVJ(1) /DTZ=Vu (1) *DELA (1) /DT2 © PENTTWS E
c DZODT (1) sVJ (1)t (T(1)=TZ(1))%DVJ(1) /DTZ+DELALT) /DT2) PENTTE9 ;!
IF (T(1).6T.T1) €0 TC 6 PENTT90 i
IF (ZO.GE.VJO®T1) GO TO 5 PENTTS] 3
c PENTTY2 -
c CALCULATE DEPTH OF PENETRATION PEKTTO3
c : PENTTO4
P(1)uZO®((T(1)/TO)#®AKOK1=]40) ' NTTO5 3
RSQ(I)82,%R (1) *EFSSDASDMASS/DZODT (1) CHTTI6 i
RSQ(1)=SOPT (ABS (PSG(T))) PENTTGT ;
i
J
!
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!
A c . PENTTOS
! ¢ CALCULATE RADIUS OF THE JET PENTTOY
; < PENT100
| KC(1)=SGRT (RHOU/(2+®AKAY®CK) ) ®SGRT (T1/T0)®VJ0%(Z0/(2QeP (1)) ewaK3 PENYIO])
i 1 *RSO(]) PENT] 02
{ 60 TO 9 PENTI U3
i 5 CONTINUE PENT] 04
P(I)=VJO®(T(1)=TO)@T1/(T1+T(1)/ARAY) PENT) 05
[ VUPEVJO® (T1+TO/AKAY)/Z(TY1T (1) ZAKAY) PENTI 06
" DVJPRVJP=VJPO PENT107
OZOCT{1)®(Ti=T (1)) %DVIP=VIPDELA(]) PENT10b
| DZODT (1) s=DN20DT(]) PENT]09
i RSG(1)m2, R (1) CEPS®DA#DMASS/D200LT (1) PENT110
‘ PSQ(I)=SART (RSO (1)) PENT}11
! RC(1)=SORT (KHOU/ (24 #AKAYSCK) ) SRSG (1) #VUO% (14=P 1)/ (AKAYOVUOST])) PENTILZ
; VJPOEV P PENTILI
60 TO 10 PENT) 14
{ & CONTINUE PENT11S
1F (P{1).LT.PT) GO TO & PENTY LG
IF (JCl.NEL1) 6C TO 7 PENTI1?
. JClez PENT) LR
! TP=T(]) PENT] 19
! T CONTINUE PENTI 20
oo IF (T¢I)4GTeTP) RETURN PENT)2]
Co 8 CONTINUE PENT122
: DZODT (1) = (T1=TZ(1))9DVJ(1)/DT2=Vu(I)eDELA(I)ZDT2 PENT123
PUI)mtAKI®(TI/TO)®@AKOKI#T () /(T(1)¢AKAY®T]), =1,0)¢20 PENT124
- RSQ(1) =2, %R (1) ®EFS*DA®DMASS/DZUDT (1) PENT125
! RSO(I)=SORTLABS (RSU(T)}) PENT] 26
‘ RC{T)=SORT(RHUU/ (2, %AKAY®CK) ) # (VUO/AKAY) S (AK1®(20/(VJ0eT1))®eAl 0k FENT] 2T
} ={ZOsPI1))/(VJU®TL})@RSQ(]) PENT126
S CONTINUE PENT129
o VUP(isVY(l=1) PENT130
T 10 CONTINUE PENT] 3]
, 11 CONTINUE PENT]32
; WRITE {6431) HEAD PENT)33W
. WRITE (6422) PENT136w
: WHITE (6429) T1eTUsZ0ePToVIT VIO AKAY ¢UMINyCK PENT]3bW
: Mel PENT] 36
Y PENT1237 i
. IF (NeGELST) iv2x55 PENT13R ;
i WRITE {6430) PENT} 39w :
, 12 CONTINUE PENT140 M
WRITE (6423) PENT141W E
. WRITE (6427) PENT) 42w 3
! 11=0 PENT] 43 ‘
DO 13 1sN) N2 PENT) 44 1
WRITE (6423) TeAMU(I) o THETA(I) oF LIV oDF (1) oT(I) DT (11,46GLI)eRSC(I)s PENTIGSW i
1 A(1)4DELA(I)4DVUII)4DZODT (D) PENT1 66w A
. 13 CONTINUE PENT] 47 !
_ IF (NoLEWJNZ) GO TO 14 PENT) 46 )
NizNgel PENT]49
NpEN PENT150 :
6o T0 12 PENT1S] d
14 CONTINUE PENT152 y
DO 18 I=MNGN PENT153 b
15 CONTINUE PENT1b4 i
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Nis) ' PENT155

i N2wN PENT156
A IF (NeGE.50) N2850 PENT] 57
: WRITE (6+3)) WEAD PENT]SbW
$0uS0/ (2, *RF) PENT159
WRITE (64268) SO PENT160W
‘ WRITE (6423) PENTI 614
WRITE (6+25) PENT) 62w
16 CONTINUE PENT163
IF (N1oGT.25) WRITE (6e26) PENT) béw
; DO 16 IwNloN2 PENT165
: IF (P(T1)146T,PT) 60 TO 20 PENT1 66
IF (P(1)eEGa040) IIn]Tel PENT167 :
IF (1,GT,2%) 60 TO 17 PENT] 68
WRITE (6¢26) I1eP(I)sRC(I)I9PPT(1),PSO(I) PENT) 69W
60 10 1@ PENT1TO |
17 CONTINUE PENT1T7) !
WRITE (6928) 14P(I)oRCID) PENT] 72w AR
18 CONTINUE PENT] T3
19 CONTINUE PENT]) Té
IF (NoLEJN2) 6O 70 20 PENT1 75
NimN2e¢] PENT176
N2=N PENTITT
6o T0 16 PENTITR
20 CONTINUE PENTITS
I1e]le) PENT180
DO 21 I=1s1l PENT] 81
HC(I)=RC(IT) PENT18Z
21 CONTINUE PENT163 ;
RETURN PENT184 ]
¢ PENT] 65
c PENETRATION FORMATS PENT] 66
[ PENY 87
22 FORMAT (40X *INITIAL CONDITIONS FOR PENETRAYION®//) PENT] B¢
23 FORMAT (l4e2X%y1P12E}0,3) PENT) 89
26 FORMAT (13¢7Xe2(F10,5010%X9F10s5:20%)) PENTI90
25 FORMAT (3H  1o12Xe'P(CM) S 1EXe RCICM) 1 423X s 'PT (MM) 94 15X 950(CD) */)PENTIG]
26 FORMAT (1H143K 1913Xe'PPelBAe'RCY) PENT)92
27 FORMAT (2H 1e6XyPHMU¢BXsSMTHETAsSXo2H Fof Xo3H DF ¢ TX92H TeBXe2HDT9BPENT]193
1%e2H GeBXyAHRSAoBX o 1MASBXoAHDELAS TXo2HOV 96X o4 RDZDT/) PENT) G4
28 FORMAT (10Xe9NOLE PROFILE SO m 14F6e2¢3H CDe25Re VPENTHLTION STANPENTI9S '
1D0FF ¢ /) PENT]1954A
29 FORMAT(5X¢9T) & toF10.4e6X0%T0 5 +4F10a495Xe? 20 = 19F10,40//6xs PENTIO6 3
10 PT mt4F10,4e5X09VUT m0oF10ske5he? VJO B14F10ea//6Xe! AKAY ® t  PENTIO7
24F104605%s? UMIN B 14F10,5¢5K¢" CK u 14F10,5//) PENT198 K
30 FORMAT (1M1e® PENETRATION PHASE'/) PENT199
31 FORMAT (1H1+30XsRA10///) + PENT200 ;
END PENT201=
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i SUBNKOUTINE CALAI (1e2¢keDPOINTORDPToJOHNIAT) e 701% 2
o c CALAY &
! c SUSRGUTINE WI1LL CALCULATE INCLINATION ANGLE (2I)e DETONATION CALAT 3
; ¢ COMPONENT OF THE COLLAPSE VELOCITY (DA)e AND wILL CALL CALPHI CALAL 4
i ¢ SURROUTINE WHICW WILL CALCULATE 1,/PHI0 (KPKI0) GIVEN (Al). CALAI &
| c _ CALAT 6
¢ CIMENSION 2(100)s R{100) ChLal 7
COMMON ALKADs EPSs RHOJs RHOCe RFy RPHIOy DTZe SO+ CKe DAy He D¢ CALAL 8
1 PTy DEGTOR CALAI &
A ALPHARALRAD®DEGTOR CaL&ll0
| THFTASATANC((R(I)=RDPT)/(DPOINT2(1))) _ CALAILY
THETA=THETA®DEGTOR CaLall?
[ . Alx50.= (ALPHA=THETA) CALATL3
| 1IF (AleLTe0s) AIR1BOa=(ALPHA=THETA) CALALL®
. CcALL CALPHI (al) CALAILS
; Almial/DEGTOR CALAILG
. DAsD/SINCAL) caLalIl?
! . RETURN CALAI)R
! END CALAILIY-
|
-
} ]
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SURROUTINE CALPHI (Al)

GIVEN AN INCLINATION ANGLE (AI) INYERPOLATE INTO TABLES AND FIND  CALP]
AN ANGLE PHIO, THEN CALCULATE 14/PHI0 (RPHIO) AND RETURN, CALP]

CIMENSION TPHI(37)s TAI(37)

COMMON ALRADs EPSs RHOJe RHOCe RFe RPMIOs DTZs SO¢ CKe DAy HWe Do CALP]

1 PTes DEGYOR

DATA TPH] 70400 o0Bs 4250 o590 1,029 1430 1aT8y 2,030 20679 24864CALP] 9D
1 3,300 3,700 6,36 4,500 5,080 5,650 5,98¢ 6,374 6,700 T401le Te22eCALFIIUD
2 Teb2s Te5Bs ToT30 74900 Re0be BolTs 8023y Be2Bs Ho30s Be260 B84)0sCALPILILD

2 8,060 Te99¢ T.850 T.75¢ T,56/

ATA TAT /704Gy 4029 o054+ 4150 234 o32¢
1949 14060 loléy 1629 lobbhe .54y 1467
2204 2441y 24610 2790 3001 3,14y 3,25
3000 4alby 40290 bobT/

TAl SCALE FACTOR 100 DEG = 5,0) COUNTS
TPH] SCALE FACTOR 40 DEG = B,08 COUNTS
SFls,0501

SFPH]=,20?

XsSFleAl

DO 1 J=]1,437

IF (TAL(J).GT,X) G0 TO 2

CONTINUE

CONTINUE

NX1sX=TAI (J=])
RNXeDXI/Z(TAI(J)=TAL (U=1))

YaRDX® (TPH] (J)=TPHI {J=l)) ¢ TPH] u=])

IfF (PHIDJLE.e000]1) PHIO=O,

PHIO=Y /SFPHI

RPHIO=],0/KM]O

RPHIO=RPHIO®DEGTOR

RETURN

END
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® 720 3
CALF]

CALF]
CALP1

o~NCMEWN

CALP]

CALFPI120D f
el o4By o600 o¢T20 2845 JCALFII3D * 3
10790 1e920 20030 2:160 2.CALPILGD ;
3,380 3,57y 34T2y 3,84y 4 CALPILISD 1
CALFI1l6D i
(SFIx5,01/1004) CALP1LY . 1
(SFPH]I=R,08/40,) CALP1)S8 3
CALFILS
CALPIR20O
CaLPIZ2]
CALPI22
CaLP123
CALVFlZ2é
CALPL25 :
CALPI26 3
CALFPI27
CALPI2H
CALF129
CALP13O
CALPI3]
CALPI32 ‘
CALPI33 k
CALP]34= i
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. SURROUTINE VELGH {IKsUJKsDMUK1S) o T54° &
' DIMENSION UJK (2000 DMUK(200) VELGK 2
' TR VELGKH 3
= IUKEIK~1 A VELGR &
f 1 Kbx} VELGF &
\ C LOMPRESSION OF THE JET VELGK &
! DO 2 MEIS.1UK VELGH T
oA IF (UJK (M) JGE.UJK{Me1)) GO TO 2 VEL.GP &
$ IF (ABS (UJK (M) =LUK(P+1) 1 oLEL1.E=H) GU TO 2 VELGR 9
{ T1=DMJK (M) SUJK (M) DV UK (Mo 1) SUIK (He]) VELGH10
‘i TosZeDMUK (Me)) @ (LUK (M) =LJIK (Me1)) VELGP1]
DEME] 0/ (DMJK (M) ¢DMUK (M@ )) VELGR12
| . UJK (M) 3 (T1=T2)#DEM VELGHI3
i UJK (Mo 1) m(T1eT2)#DEM VELGRl®
\ Kpx0 VELGK1S
: 2 CONTINUE VELGKL®
IF (KP.EGL0) GO TO 1 VELGKN1T
' . RETURN VELUKL&
o END VELGR) G~
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SURROUTINE PLOTS (NsUJUKeDPOINTsRDPTeHEADIPSOePPToNCUWNPLT1START) @ 7720 5

DATA PC()Ye PTU(2)e PC(3) /10HPOINT OF Co 10MOLLAPSE (Mo 3MM)>/ PLOTS24D
DATA ¥YVC()1)e VVCI(2)s VVCH{I) /1OH Vs VJ (MM J1OH/MICROSEC) s 1H>/ PLOTS250

{
!
| NDIMENSION PSO(80) s BPT(50)y S(50) PLOTS 2
{ RIMENSION B(5000) ¢ HEAD (R) PLOTS 2
: DIMENSION UJK (200)s DMJK (200) PLOTS &
5 DIMENSION RDU&)s CVI(&)s AB(@)s TC(6)s PCLaLy DMNJ(&) s VVC(6) PLOTS &
| DIMENSION Z¢100)s Y2(100)e TAU(100)s EC100)s PMI(100)e DPHI(10U)y FLOTS 6
K 1 RETA(100)e GAMA(LO0)e RILOD)s CL100)e VJ(L0U)e VN(LOODs DMUCIO0IPLOTS 7
| 2 o DMN(100)s DEJ(100)s DEN(100)s RPHICI00)s V(100) PLOTS &
{ DIMENSION F(4)s G(&) PLOTS 9
5 COMMON ALKAD» EPS+ RHOJs RMOCs RFe RPHIOs UTZe SO» CKe DAv ke Le PLOTSIC
T 1 PTy DEGTOR PLOTSI)
! COMMON /LPLOY/ 24 T24 TAUy E¢ #RIv DPHIv RETAs GAMZe Re Co VUe UNGPLOTSIZ
l 1 NMJe DMNy DEJe DEMNy RPMIy V PLOTS13
3 DATA DMNJ{1)y DMNJ(2) /JOMRELAT{VE me 4HASS>/ PLOTS 14D
, DATA RD(1)y RD{2)y RD(3) /1ONKRELATIVE De JOMISTANCE FRy 10HOM CONEPLOTSISD
. 1 ap/ PLOTS 16D
' DATA RD(4) Z3IWEX>/ BFLOTSITD
! DATA CVIl)s CV(2)s CV(3Y /10HMCOLLAPSE Ve JOMELOCITY INs 10R CM/MICPLOTSIED
| 1k0S/ PLOTS1SD
DATA Cv (4} /3HECH/ PLOTS200D
| DATE AB(1)s AB(2)s AB(3) /JOMANGLE BETAe 10H (DEGFEES)y 1H>/ PLOTSSID
DATA TC(l)e TC(2)e TC(3) ZIOHTIME OF CO¢ 1OMLLAPSE (MI« JOHCRG SECPLOTSZ2D
} 11> ¢/ PLOTH23D

DATA TJET /4HJET>/ PLOTS26D
DATE TSLUG /SMSLUG>/ PLOTSZTD
XPAGEm]4 PLOTS 26
CALL PLTCCR (XPAGE14R(1)eB(5000)) PLOTS29
! 11aNeISTART PLOTS3O
YMAXE]Z, PLOTS 3]
CALL PLOTS] (340030001000 YMAXeol0e500RD2VVCe1601044) PLOYS32
CALL PLTCED (1404Z(ISTART) oV(ISTART) &I PLOTS33
a CALL PLTCCD (14092(ISTART) 4VJ(ISTART)&1I) PLOTS 36
T CALL PLTCCD (4sCoZ(ISTART) yUUK(ISTAFT)II) PLOTS3S
CALL PLCCSF (XSyYSeUFAC) PLOYS 3t
Xx=my25 , PLOTSST
' YYRVJU(35)4.060,5 PLOTS36
! YYRV(35)e,068,8 PLOTS3Y
P c PLOTS4D
c DO EXPEHRMINTAL DATA POINTS FOR THE 10SMM UNCONFINED SHAPED CHARGEPLOTSw]
. ¢ PLOTS@2 ’
f ¢ CALL PLTEXP (N) PLOTS43 ﬂ
! c PLOTSG
DPOINTZDPOINT#10, PLOTS 4G {
ENCODE (2142+6(1) )DPOINT PLUTS46
RDPT=ROPT®] 0, PLOTS4Y ﬂ
ENCODE (17+3+S(4) )RDPT PLOTS Gy ;
. ALPHARALKAD®DE GTON PLOTS6Y 1
ENCODE (20+4+5(8) )ALPHA PLOTSbHO® ’
RFuRF®10, PLOTSS]
' ENCODE (1H+5,5(12) JRF PLOTSS2¢
L. EPSrEPSe)(, PLOTSS3 !
ENCODE (194645(16) JEPS PLOTESG®
- YYRYMAK S, 28YE PLOTSS4A 1
- XMvaxzl,0 PLOTES4H
. XXB, S EXMAKe PHXERT, PLOTSS6C
<«
|
i
|
78 §
\1

i O

il TR TR RN T T T

tomets i




!?; \h‘ ad — MO anA Y fod b Sl o oy,
‘ .
\
{ Xxz0,0 PLOTYSD
o CALL PLYCCT(oZoMEAD (1) 0looloeXXyYY) PLOTSLwE
. YYE 850 YMAX PLOTSSSE
i XXw ot FLOTSS6
CALL PLTCCT (4)eS(1)a0evlavXieYY) PLETSST
f YYm HOOPYMAK BLOTSE o
! CALL PLYCCY (419504} e0arlarXKoYY) RLOTSSY
XAz 5= 1®X5%10C, PLOTS60
Yas=1,]1%YS BLOTSL)
CALL PLYCCT (414StH)yOseloavXAsYA) wLOTS62
! XAx 5o, 1 2X509, BLOTSH3
{ Yam=],30YS PLOTS 66
| CALL PLTCCY (,14S(12)90urlaorAeYs) BLOTS®S
| - Yhze],5%YS . MLOTsee
! CALL PLTECT (o195(16)e¢0yeloakaaYa) PLOTSET
: c THIS NEXT STATEMENT RYPASSES SOME PLOTTINKG ROUTIMES PLOTS6R
: c IF (NPLT.ETL0) GO TO 1 PLOTS6Y
{ CALL PLOTS] (3,4)6001e0l6000e1920¢9RDePColbrllva) PLOTSTO
: . CALL PLTCED (1¢0+Z{ISTAKT)IWCIISTARTIOII) PLOTST]
: CALL PLTCCP BLOTET2
CALL PLOTS] (24003s091000la00alyaloRUIDMNII1691004) PLOTST
XX=a35 BLOTS T
i YYEDMN (35) =, 1 PLOTSTS
| CALL PLTCCT (o42¢TSLUGsOsoleorXeYY) PLOTSTE
! YYelMd (35)=,] PLOTSTY
! CALL PLYCCT (o21TJET9DarleeXhoYY) BLOTSTR
i CALL PLTCCD (140¢Z{ISTART) +DMJCISTARY)HII) PLOYZT®
CALL PLTCCD (1904Z{ISTART) yOMN(ISTART)o11) PLOTHHD f
CALL PLOTS] (3+0016e91s0¢180,00)02000RDcABII6sI0e4) PLOTSH]
CALL PLYCCD (140+Z{ISTART) yRETALISTART) 1) PLUTSHE 3
1 CONTINUE PLOTSbG k
CALL PLTCCP PLOTSHE %
¢ THIS NEXT STATMENT PART OF PLOTTING BYPASS PLOTSBO 3
o PLOTSBY )
;’ l ¢ DO PENETRATION PLOTS( HOLE PROFILES), PLOTSHY
I ¢ PLOTS MY
AR CALL PLOTPEN (NsSePSNePFTINCUWNHEAD) PLOTSSO 3
} i HE TUPN PLOTEY) ;
, ¢ PLOTSY2 i
P 2 FORMAT (9K (Lek] % sFBourdH MNV>) PLOTSY3 3
' 3 FORMAT (5M RD meFBobobh MM) PLOTSSG i
) « FORMAT (9H ALPRA ® sF6.295H DEG>) FLOTSYS b
, 5 FORMAT (6H RF = oFbebekH MM>) PLOTSY® p
o) 6 FORMAT (TH EPS B oFR,5e6k MM>) PLOTSST 9
END PLOTSYb~ i
]
) !
)
T i
3
n
i . »’
-
, 1
. i
: . g
oy .J 79 #
b |
: y
|
g
i
i
q
4
—~
' g
SR 4n i % 2 I ARG Y. TRy 5 T T ———yp i, ¢ - - - . B
B AR N O T T T T I T T T e W T e ] T S U S X NS O WPRCY IR **—r”-rm




B aad oy SERESHPRETEE e — S_—
T T e e AU e
TR Y s - g
) i v e e e i a2 gl S B B -
. T Y R A S Y R ) N e T T R A T Y e T e

0 - e e e e e AP S P MRS £ 432 1 # 7 Y o 5 e f
;
} SURKQUTINE PLOTS) (XBANCYHARXMAX o YMAXSDXoDYoPTXoFTYONNCXONNCY e » AT1% &
1 NCD) } PLOTY 2
{ DIMENSION PTX{4)e PTY () PLOT1 3
{ CNYRNNCY PLOYY &
, CNXBNNCX PLOTY 5
YSuYMAX/S, PLOTL €
RSuXMAX/T. FLOTY 7
CALL PLTCCS (XBAR9YBARAMINGYMINeXSeYS) PLOTY &
HY®,15 PLOT) 9
Yys-,80YS PLOT110
{ XXu o S*KMAK=HTOCNX®XS PLOT111
{ CALL PLTCCT (HTPTX(1)e000dasXKeYY) PLOTILZ
z AXmeo 0OXS PLOTILS
YYn EOYMARCHTSCNY®YS PLOTL e
A CALL PLTGCT (MTePTY(1)elesOaoXXoYY) PLOTILS . a
| CALL PLTCCA (DXeDYsXMINGKMAXeYMINGYMAKyS) PLATILE !
4 CALL LAHELA (DXsDYsXMINSXMAXsYMINGYMAKy1o001,0) PLOT1LT? ]
i WETUKN RLUT)LE ;
END PLOT] o=
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; SURROQUTINE PLOTPEMN (NySsPSUIPPTINCDHEAD) * @40 7
NIMENSION TSO0(4)s TPT(w) ¢HEAD(E) PLOYN 2
' DIMENSION S(b0)y PSO(S0)e PPT(S0) PLOTN 3
\ NIMENSION mOL (P)e HCN(100)e PEN(3) ¢ PENT(3)s KAD(Z) PLOTA &
; COMMON ALKADy EPSy RMOJe HHOCe WF4 RHHIO DT2e SUe CKeo DAy ne Dy PLOTN &
. 1 PT. DEGTOR PLOTN 6
: COMMON AMLI{I00)s THETA(100)s F{100)y DFC100)y T(10C)e DTLI00) s PLOTN 7
‘ 1 G(100)y PC100)e A(100), DELA(I00}s DVJLLOGIe DZOCT(10C), PLOTN &
i 2 RSG(100)s RC(1IO00)s Tl UMIN PLOTN &
{ DATA MOL (1) HOL(2) /)OMROLE PROFY, 3WLE>/ PLOYNLOD
DATA PEN(1) e PEN(2) s PEN(3) /10MRADIUS=VSes 1ONDESTH OF Py HMEN, (MPLOTN)LD
f 1) s/ PLOTNLZD
[ DaTH PENT(I). PENT (2} PENT(3) /1OWTIME=VS=DEs 10WPTR OF PENe 6me (PLOTNI3D
| - IC») >/ FLOTNLGD
! DATS RAD(I)- HAN(2) /10RRADIUS (MMy 2H) >/ FLOYN1SD
1 DATA TSU(1)e TSU(2) /IONSTANUOFF =4 SM(CD)>/ PLOTNI®D
! DATA TPT(l)y TPT(27? /YONPENETRATIOy THN (MV)>/ PLOINITD
Wm0, PLOTA1H
' . DO 3 I=len PLOTN1S
i IF (P(1).GE.PT) GO TC 2 PLOTA20
' H(l)m=P(]) pPLOTNZ]
RCN(T)==RC(]) PLOTNEZ
, IF (RC(1).GT.RM) RMERC(]) PLOTNZ3
| 1 COMTINUE PLOTA2e
! P (N) ==P (N) PLOTNZS
, 2 CONTINUE FLOTNZS
, Nzl PLOTRET
. PMxa=p (N) FLOTNZH
XMAX=10, PLOTN2Y
XMINwewXMAX PLOTNSU
1 YMINm=P) PLOTNIL
~ IF tPMaLTe1004) YMIN=e100, PLOTNS?
IF (PM,LT460,) YMIN®=60, PLOTNSS
YMARZO, PLOTN3G
- YSs (YMAX=YMIN) /R, . PLOTNIS
‘:; XSzYS PLOTNIb
XRAFE3, 0 FLOTN3Y?
i YRAR=15.0 PLOTN3H K
j CALL PLTUCS (XBANsYBARWXMINSYMINGX5:YS) PLOTN3Y b
; XAz=,28X5%, 5412, PLOTNGO a
. YAuYVAXe,30YS PLOTMa] 'g
CALL PLTCCT (4209HOL{1}40a9lorXAoYA) PLOTN&Z 5
Xhma, ] ®#XS®5, PLOTNGD
: YARYNIN=,GOYS PLOTNGG i
! CALL PLYCCT (o1 oMAD(1)v0aolonXaoYR) PLOTNGS ]
Xhze,1#X5%0, PLOTNGE ,i
YARYMINe,TEeYS PLOTNGT a
i CALL PLTCCT (aleS{l}s0cslarkarya) PLOTNGE 2
Xbew,18X597, SLOTNGS g
YheYMINeYS PLOTNSO 4
A CALL PLTCCT (. 14S(4)a0arloshBoYa) PLOTNS i
; ENCODE (1h954T(1) }50 PLOTNGZ® E
't Xage,1®XS%d, PLOTNGS 3
. YAsYS®),2 PLOTNS 3
K CALL PLTCCT (oleT(1)e0uolsoXAoYA) PLOTNSS §
¢ XA XM IN=, EOXS PLOTASE b
g Yoz, beYMINe,10YSe B01R, PLOTNST k
Vo, ‘4
k- . i
f ' K|
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j
S . 3
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CALL PLTCCTY (o1 +PEN(2)2)eeDooXAsYR)
Abme,20)XS®]15,

YauYS®] 04

CALL PLYCCY(o2¢HEAD(1)e0sslooXAgYA)
Da=},

Dy=},

CALL FLYCCA (DXosDYaXMINOXMAXeYMINeYMAXeSH)
Dysz,.*DY

DX=2S, 0

XMInm=XMAX

XMax=0,

CALL LABELA (DXoDYoXMINoXMAXSYMINIYMARe=10,09=10,0)
Dy=0,

XMARE=XVIN

XMINE0,

Call LABELA (DXoDYoXMINoXMAXsYMINOYMAXe10+090¢0)
RC(N) B0,

P (N)=PM

CALL PLTCCD (140eRC(1)sF (1) eN)
HCN(N)EZD,

CALL PLTCCD (140oRCN(1)eP (1) eN)
XAme,}e¢X5¢]10,

YAz H®*YS

CALL PLTCCET (,)1oS(B)s0evlosXAoYA)
XAww,l®XS5¢G,

YaxYS

CALL PLTCCY (o1¢S(12)0e000)oekAsYA)
YAz €*YS

CALL PLYCCT (419S5(16)90aslsekAaYp)
IF (NCD,GTel) GO T0 3

CALL PLTCCP

RETURN

CONTINUE

XMAX=PSO {NCD}

YMaXm0,

DO & I=)eNCD

IF (PPTII)1GT.YMAX) YMAXaPPT(])
CONTINUE

YMARm, 0] *#YMAX

YMAXZAINT (YMAX )@l 0

YMAXEYMAX*]00,

DYys=,2¢YMAY

CALL PLOTST (340030s0aXMAXeYMAX ] oaDYsTSOsTFToTebee)
CALL PLCCSR (XSeYSsUFAC!

XAR ,S4AMA X ,20X547,

XAx0, '

YAuYMARS ,2@YS

CALL PLYCCT(42eMEAD())s0arlosXApYA)
YAx=],)4YS

XA‘.&"".X‘.I'XS'IO-

CALL PLTCCT (41+5(8)s0evlasXAeYA)
XAz, B¢ XMAXe ]O@XSO0,

YAme] ,34YS

CALL PLTCCT (a19S{12)900eleoXAsYA}
YAeel,5¢YS

CALL PLTCCT (o1eS(16)s00sleoXAgYa)
CALL PLTCCD (1¢04PSC(1)ePPT(1)eNCI)
caLL PLYCCP

RETURN

FORMEY {6+ S50 = oF6e2e4h CO>)
ENE

82

PLOTINSB

PLOTASHKA
PLOTNSBH
PLOTNLEC
PLOTNSS

PLOTNGD

PLOTNSL

PLOTN62

PLOTNGY

PLOTNGS

PLOTNES

PLOTNGE

PLOTROT

PLOTHAb

PLOTNGS

PLOTATO

PLOTNT)

PLOTATZ

PLOTANTS

PLOTNTG

PLOTNTS

PLOTNTG

PLOTNTT 1
PLOTNTS )
PLOTNTS

PLOTNBY X
PLOTNEL i
PLOTNH2 ¥
PLOTNB3 i
PLOTNR& )
PLOTAHS ;
PLOTNBG ?
PLOTNBT

PLOTNGY

PLOTNBY ‘
PLOTNOO

PLOTNG) §
PLOTANS2
PLOTNG3
PLOTNG
PLOTNOS
PLOTNYD
PLOTNYT
PLOTNGE
PLOTNGBA 1
PLOTNYEE

PLOTN9AC 4
PLOTANIBD 1
PLOTNYS

FLOTLIUD

PLOTI0]

PLOT102

PLOT)O03

PLOT10e

PLOT]0S

PLOTI06

PLOTIOT

PLUT)OB

BLOTIO0Y

PLOTIO

PLOT1

FLOTI2=

s
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SURROUTINE PLTEXP (N) *1002% @
DIMENSION PEXX(K0)s PEXVU(60)s PEXVO(60)s FEXVIG)s TEXP(3) e PLTEP 2
1 PEXPX (&) PLTEd 3
CIMENSION hASC(3) PLTEP &

w

COMMON ALRADs EFSy FHOJe KHOCos RFe KPHM]IOe DTZe SO¢ Cre DAs ke U PLTEF
DaTa TEXP(1)s TEXP(2)e TEXP(3) /)JOHEXPERIFENTe 10niL DATA v 2ne>PLTEF 60
1/ PLTEP TUL
DATA (PEXX{I)aI®199) /4eOs 4450 5,00 5¢5¢ €000 6oy Tels TaRe 8.,0/PLTEF 8D
DATA (PEXVU(I)el2leS) /Te0ls 6obEs 6435¢ €a03¢ Sebze Se0le 4017y IPLTEF SO

e ———— e ——————— e e o

10194 2425/ PLTEF]OU
DAYA (PEXVO(I)elxzleS) /2,050 2.069¢ 260650 240abe Z,0130 1.958y 1PLTEF1ID .
1e8T0s 1oT72%0 1509/ PLTeP120 4
. DATA (PEXPX(I)¢lzled) /5.68e 6eG4s ba21/ PLTEH13D '
DATA (PEXV{I)al=)e3) /2414 14784 1,42/ PLTEM1aD ;
! Fel0 PLTEFLS ;
! TICOUNT=ICUUNT+) PLTEF)® ]
| IF {ICOUAT.LEL1) 60 TO 1 PLTEF1T ﬂ
‘ . READ (595) My (PEXX(T) ¢PEXVU(I) o1 eM) PLTER1bN
MoMe) PLTEFIN L
{ PEXX (M) = BTE PLTEPED )
. PEXVJU (M) 26,13 PLTEFZL 3
| G TO o PLTEVZE 1
: 1 CONTINUE PLTEFES
i PEXX(10)=,875 PLTEF24 ]
" PEYVJ(10)29,]13 PLTEPES L
' PEXPX(4)=,910 PLTEPZ2H ;
PEXV(4)%6,13 PLTEF2T :
FACE.5%,7506 PLTEVZS i
No 2 Ixle8 FLTEP2Y i
1 PEXX (1) EPEXK(]) «FAC PLTEF30 j
PEXX (T)®PEXX (1) / PLTEFP3]
2 CONTINUE PLTEF32 ]
DO 3 I=le3 PLTEF33 ;
v PEXFX (1)=PEXPX (1) oFAC HLTEF 3w
PEXPX(1)SPEXPX (1) /N PLTEP3S ,
|‘! 3 CONTINUE PLTER3E 3
. CALL PLTCCD (2054PEXX(1) sPEXVU(1) ¢9) PLTEP3T b
: CALL PLTCCD (214 oPEXPX(1)¢PEXV(1) v4) PLTEP3H g
« CONTINUE PLTEPIS
y Yye&, PLTEMaO §
: XAmgb PLTEVG]
CALL PLTCCT (o3eTEXP(1)00aslesXXoYY) PLTEPwE j
YYsE, PLTEF43
L c CALL PLTCCT (ol sBASC(1)9000losXXeYY) PLTEb &4
CALL PLYCCD (245ePEXX (1) yPEXVU(1) oM) PLTERSS ]
RE TURN FLTER®S p
c PLTEP4T 3
5 FORMAT (15/(HE1041)) PLTEF&S 1
END PLTEFGG- 1
. ﬁ}
; !
‘ !
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SAMPLE INPUY

CARD NO, ) !
HEADING CARD {

n E:

| 105=MM SHAMED CHARGE SAMPLE CASE ‘
4

CAKD NN, 2 '

LINER PARAMETERS

ALPHA EPS RHOY RF H CONF TKS HKHO CONF+ NPLT NPOS |
?le 269 He9 43185 [+ XY . O [/} 0 :
i

J

;

CARD NN, 3 1
TAHGEY PARAMETERS .

RHOC $0 cK BHN T ORPOINT HDPY NEXE N 1
7.8 0. 0. 300, 112. 33,9899 0. ) 1 100
]

]

hl

B4
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HOLE FROFILE

P(CM)

0,00000
0,00006
NeN0000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0,00000
N.00000
0.,00000
0.,00000
0,00000
0.00000
0,00000
000000
0,00000
0,00000
0,00000
0.00000
0,00000
N.00000
De0O000
0.,00000
0,00000
0.00000
0.,00000
0.,00000
n.00000
0.,00000
n,o0nn00
N.00000
0, 00000
0.00000
4,0R940
4,340R3
4,79126
B,20TR1
B, T4l15R
YRR
6,TH5K1]
TAURTH
TRT454
Hedb4TA
S 0R12)
B, T2R9Y
10,4011

ULRRRY < olRt: Y

A, 1> TR D1 s

J05=MM SHMAPED CHAGF SAMPLE CASF

§0 = 3.60 CD
s .

HC(CM)

0.,00000
0.00000
0.,00000
0,00000
0,00000
0,00000
0.00000
0,00000
000000
0,00000
000000
0,00000
0,00000
0,00000
0.00000
0.00000
0.,00000
0,00000
0.00000
0,00000
000000
0,00000
0400000
0,00000
000000
0,00000
000000
0.00000
000000
0,00000
0.00000
0,00000
0.00000
0400000
000000
0,00000
000000
« 15347
2400919
1.464720
1.42460
1.,40390
1437219
1,33959
1.30%93
1.27163
142365%
1.200680
lelbbbt
112760
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PENTRATION STANDOFE

BY (PH)

311.,70736
A54 ,965K0
AR0,93877
395,2163%
400.BRLSE
399,RAPLE
393,450%8%
IR2AT360
AT0.RA340
3%0,2R549
34R,00923
336,9R620
326.20037
15,0478
305,2R221
299,17501
¢R5, 15404
27%,359%0
265,73225
$5h, 26429
246,94767
237.,775%46
228.74115
2)9.,H3FFO
211.06747

SO

le0ONY
2.00000
3,00000
4,00000
He 00000
G 000U
T.00000
Hoto000
G.00000
jos00UCY
11.00000
12,0000V
13.,00000
14,0000V
1%,00000
1he 000D
17.00000
18.00()00
19,00000
20.00000
21.00000
e2.00000
23.00000
he 0000V
25.00000
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105~MM SHAPED CHAGE SAMPLE CASE

SUMMARY OF RESULTS

.

; UINFH MASS =  365,HASP Gb JEY MASS = 122,9n72 G SLUG MASS ® 2628820 LM
) o
L TOTAL KINETIC LNEHGY = f.2894 ENGS®1,0E)2 B 1
| VOTAL JFT KINFYIC ENERGY w 69273 ERGE*1.0F12 i
i TOTAL JFT KINEYIC ENERUY AROVE JET VELOCITY o2% CM/MSEC ® G.660% ERGS®)OEL2 i
H
% LOTAL WJFT MAaSS ARGYE JET VELOCITY +25 CM/MSEC w 46,2734 GM !

|
! i
CINETIC FNEHGY AHOVE o5 CM/MSEC = 3,R6b4 AND JET MASS = 19,7723 ;
- KINETIC ENFRGY ARGVE o4 CM/MSEC = 4,6564 ANUD JET MASS 27.5096 !
g KINETIC EMERGY ABOVE o3 CP/MSEC = 5.3368 AND JET MASS = IR, ORGSO :
: KINETIC EMEHGY AROVE o2 CM/MSEC = 5.6294 AND JET MASS = 53,7738 i
. KINETIE FNFRGY AHOVE 41 CM/MSEC = 6, 1685 AND JFT MASS = AeoH0T {
t~i AXTMUN RELATIVE MACH NUMHFR = BA2) i
WY OTIP AT T « 38 RELATIVE POSITION 2/H = ,37000000 !

FASUPED JET T1P VELOCLTY = 7,01100675 MM/MICROSEC

’ 'HASUKFD MASS OF JET TIP = 641533 G
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this sheet, fold as indicated, staple or tape closed, and place
in the mail. Your comments will provide us with information for
improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpcse, related
' project, or other area of interest for which report will be used.)

' 3. How, specifically, is the report being used? (Information
' source, design data or procedure, management procedure, source of
S ideas, etc.)

4, Has the information in this report led to any quantitative
savi’.gs as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

5. General Comments (Indicate what you think should be changed to g
a make this report and future reports of this type more responsive 1
¢ ' to your needs, more usable, improve readability, etc.)
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HQf' 6. 1If you would like to be contacted by the personnel who prepared
' this report to raise specific questions or discuss the topic,
please fill in the following information.
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